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THEORIES  OF  INSECT  ANCESTRY. 

In  adopting  ‘  The  Ancestry  of  Insects  ’  as  the  subject  of  this 
address,  a  problem  has  been  chosen  which  is  enshrouded  in 
speculation.  Unfortunately,  so  many  links  in  the  chain  are  want¬ 
ing  that  any  theory  put  forward  will  involve  premises  and  sup¬ 
positions  that  are  highly  debatable  and  productive  of  divergence 
of  opinion.  The  problem,  however,  is  one  of  considerable  in¬ 
terest  when  it  is  recollected  that  in  the  present  geological  period, 
insects  greatly  outnumber,  in  described  species,  the  whole  of  the 
rest  of  the  animal  kingdom.  Natural  curiosity,  perhaps,  more 
than  anything  else,  prompts  me  to  join  the  ranks  of  those  who 
have  tried  to  fathom  the  possible  evolutionary  history  of  this 
highly  successful  class. 

It  is  necessary,  in  the  first  place,  to  summarise  the  main 
theories  of  insect  ancestry  that  have  been  advanced  and  com¬ 
ment  briefly  upon,  them. 

*  This  paper,  in  an  abbreviated  form,  was  given  as  the  Presidential 
Address  to  the  Society  for  British  Entomology  at  the  Congress  held  in  Cam¬ 
bridge,  June  26th — 29th,  1936. 
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(1)  The  Chilopod  Theory.  The  centipedes  present  certain 
features  in  common  with  insects  which  have  been  substantiated 
by  the  finding's  of  embryologists.  The  close  association  of  the 
maxillipedes  with  the  mouth-parts  and  other  characters,  how¬ 
ever,  preclude  these  animals  being  the  direct  ancestors  of  the 
Insecta.  In  1869,  Brauer  expressed  the  opinion  that  Campodea 
is  nearest  to  the  ancestral  type  of  insect  which,  in  turn,  was 
derivable  from  the  Chilopoda.  The  last  mentioned  class,  he 
claims,  originated  from  the  Onychophora.  This  theory  has  re¬ 
ceived  but  little  support  until  it  was  revived  in  a  modified  form 
by  Tothill  (1916).  This  author  claimed  that  the  main  line  of 
insect  descent  is  from  an  ancient  stock  of  Chilopoda  in  which 
the  maxillipedes  had  not  become  developed  as  jaws.  The  Chilo¬ 
poda  in  turn,  he  thought,  were  very  likely,  but  by  no  means 
certainly,  derived  from  such  generalized  trilobites  as  Mesonacis 
or  Paradoxides  which  it  was  presumed  had  taken  to  the  land. 
The  assumption  this  theory  makes  that  the  Apterygota  are 
highly  specialized,  with  the  implication  that  their  apterous  con¬ 
dition  has  been  secondarily  acquired,  is  contrary  to  accepted 
opinion. 

(2)  The  Symphylan  Theory.  In  the  search  for  a  possible 
ancestor  of  insects,  that  remarkable  creature,  S  colop  endrella,. 
became  drawn  into  the  problem.  Packard  (1873)  regarded  this 
animal  as  a  connecting  link  between  Thysanura  and  other  Myria- 
poda.  In  1898  he  expressed  his  views  in  more  detail,  indicating 
the  evidence  for  and  against  the  theory.  He  concluded  that 
S  colop  endrella  is  the  only  extant  arthropod  which,  with  the  sole 
exception  of  being  progoneate,  fulfils  the  condition  of  an  an¬ 
cestor  of  Thysanura  and,  through  them,  of  the  winged  insects. 
The  work  of  Silvestri  (1903,  1904)  on  the  Thysanuran  Anajapyx, 
brought  to  light  a  genus  more  primitive  and  of  greater  phylo¬ 
genetic  significance  than  Campodea.  Pie  showed  that  it  pos¬ 
sessed  a  remarkable  combination  of  Symphylan  characters,  and 
thus  was  able  to  reinforce  Packard’s  views.  No  other  positive 
evidence,  of  equal  importance,  on  the  ancestry  of  insects  has 
been  added  since.  In  1930  Tillyard  expressed  similar  views  to 
those  of  Packard,  but  considered  that  the  position  of  the  gono- 
pore,  in  the  Insecta  and  Symphyla,  precluded  the  possibility  that 
the  former  class  was  derived  from  the  latter. 

(3)  The  Crustacean  Theory.  This  theory  involves  the  de¬ 
scent  of  insects  from  some  type  among  the  Malacostraca  which 
became  adapted  for  a  terrestrial  mode  of  life.  The  first  notable 
exponent  of  this  viewpoint  was  Hansen  (1893),  who  upholds  the 
same  theory  in  his  last  important  monograph  (1930)  :  the  same 
opinion  was  stressed  and  amplified  by  Carpenter  (1903,  1905), 
and  Crampton,  more  recently,  has  maintained  in  a  series  of 
papers  that  the  ancestors  of  insects  are  to  be  found  among  the 
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crustaceans.  Those  who  subscribe  to  the  Crustacean  Theory 
pin  their  faith  upon  Machilis  and  its  allies,  which  betray  struc¬ 
tural  resemblances  to  the  Syncarida  and  Pericarida.  The  identity 
in  number  of  the  head  and  trunk  segments,  together  with  struc¬ 
tural  similarity  of  certain  of  the  appendages  and  other  parts,  in 
insects  and  crustaceans  form  the  basis  of  the  theory.  The  sup¬ 
posed  evidence  of  affinity  is  drawn  from  external  similarities 
only  —  fundamental  differences,  including  the  disparity  in  the 
locations  of  the  gonopore,  are  not  discussed.  Notwithstanding 
efforts  to  prove  the  contrary,  there  is  no  conclusive  evidence 
that  the  predominantly  crustacean  feature  of  biramous  limbs,  or 
traces  of  them,  exist  in  any  insect.  The  theory  also  fails  to 
take  into  account  any  features  of  internal  anatomy,  possibly 
because  they  afford  no  evidence  of  affinity.  Since  the  Chilopoda 
and  Symphyla  present  closer  morphological  and  physiological 
resemblances  to  Insecta,  it  seems  difficult  to  uphold  any  theory 
involving  the  derivation  of  the  latter  class  from  marine  ancestors. 

(4)  The  Trilobite  Theory.  In  1908  Handlirsch  published  a 
carefully  presented  argument  maintaining  that  the  earliest  in¬ 
sects  were  winged  forms  represented  by  the  extinct  group  of  the 
Palaeodictyoptera.  These  latter,  he  claims,  were  derived  from 
trilobites,  the  wings  having  been  evolved  from  the  pleural  ex¬ 
pansions  so  characteristic  of  these  ancient  fossils.  The  nymphal 
Palaeodictyopterids,  known  in  the  fossil  state,  have  been  in¬ 
geniously  reconstructed  by  Handlirsch,  in  order  to  fill  the  vast 
gap,  devoid  of  any  trace  of  annectant  forms,  between  the  two 
classes.  His  idea  that  the  ancestral  insects  were  winged  is  based 
upon  a  further  assumption  that  the  Thysanura  are  degenerate 
offshoots  from  winged  insects  —  an  hypothesis  which  evidently 
weighed  significantly  in  Tothill’s  theory,  already  mentioned. 
Handlirsch  was  unduly  influenced  by  palaeontological  evidence, 
since  the  most  ancient  insects  known  to  him  were  winged,  while 
the  only  fossil  remains  of  apterygote  forms  were  no  earlier  than 
Tertiary  date.  A  few  years  ago  Tillyard  (1928)  interpreted  cer¬ 
tain  Lower  Devonian  fossil  remains  from  Scotland  as  being  those 
of  Collembola.  If  this  conclusion  be  correct,  it  contributes  an¬ 
other  argument  against  Handlirsch’ s  theory,  since  no  fossil 
winged  insects  are  known  before  Upper  Carboniferous  times. 

(5)  The  Polychaete  Theory.  On  admittedly  fragmentary 
evidence,  Walton  (1927)  concluded  that  insects  and  their  allies 
have  evolved  directly  from  polychaete  worms.  The  parapodium, 
he  holds,  is  the  fundamental  structure  from  which  the  insect 
appendages  and  pleurites  have  developed,  while  wings  may 
have  developed  from  basal  parapodical  appendages.  Part  I  of 
this  essay  examines  the  supposed  evidence  afforded  by  external 
structure,  and  I  am  not  aware  that  this  author  has  written  any 
further  papers  relative  to  his  hypothesis. 
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(6)  The  ‘  Protaptera’  Theory.1  In  1930  Tillyard  discussed 
the  evolution  of  the  Insecta  at  length  and  believed  that  they,  and 
the  various  classes  of  the  Myriapoda,  were  evolved  from  few- 
segmented  ancestors  which  formed  a  hypothetical  group,  termed 


ABC 


Fig.  1. — Diagram  illustrating  the  supposed  metamerism  of  the  gonads  and 
the  origin  of  the  progoneate  and  opisthogoneate  types.  A,  ancestral 
condition.  B,  evolution  of  the  primitive  progoneate  type.  C,  evolution 
of  the  primitive  opisthogoneate  type.  From  Tillyard. 

by  him  Protaptera.  These  ancestors,  he  claimed,  were  proto- 
morphic,  consisting  of  a  head  of  five  fused  segments  and  a  trunk 
of  ten  segments  together  with  a  telson.  Each  trunk  segment 
bore  a  pair  of  appendages,  the  last  pair  being  cerci.  The  gonads 
were  segmentally  arranged  in  pairs,  whose  ducts  opened  on  the 
fourth  to  eighth  trunk  segments  (Fig.  1,  a).  The  gonads  subse¬ 
quently  became  joined  up  into  a  pair  of  organs  by  the  develop¬ 
ment  of  a  longitudinal  duct  on  either  side.  In  progoneate  forms, 
the  main  ducts  opened  by  means  of  the  first  pair  of  hypothetical 

1  The  theory  of  Versluys  (1921,  1922)  is  omitted  from  consideration  since 
it  deals  primarily  with  the  evolution  of  Arachnida  and  is  incomplete  with 
reference  to  Insecta  and  Crustacea.  For  a  discussion  of  its  principles  see 
Tillyard  (1930). 
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gonopores  :  in  opisthogoneate  forms,  it  is  assumed  that  the  last 
pair  of  original  gonopores  persisted  (Fig.  i,  b  and  c).  Further 
development  took  place  by  anamorphosis  until  the  required  num¬ 
ber  of  segments  for  each  class  was  attained.  Zoologists,  for 
many  years,  have  recognised  the  difficulty  in  accounting  for  the 
progoneate  and  opisthogoneate  classes  among  arthropods.  This 
led  to  the  formulation  of  an  hypothetical  ‘  ancestral  condition, 
where  there  were  many  genital  openings  in  each  side  of  the 
animal  ’  (MacBride,  1898).  Tillyard  appears  to  be  the  only  writer 
who  has  elaborated  the  hypothesis  to  the  extent  of  providing  it 
with  a  detailed  theoretical  modus  operandi.  His  assumed  proto- 
morphic  ancestor  retained  the  original  segmentation  in  the 
Collembola — in  other  groups  a  variable  amount  of  anamorphosis 
prevails,  while  the  most  specialised  forms  are  epimorphic  in  all 


PTERYGOTA 


PROTAPTERA 
OR  ORIGINAL 


P  ROT OM ORPHIC 
ANCESTORS. 


Fig.  2.— Phylogeny  of  the  Insecta  —  simplified  diagram  after  Tillyard. 

stages,  anamorphosis  having  been  suppressed.  The  accompany¬ 
ing  diagram  (Fig.  2)  summarises  this  writer’s  views  as  to  the 
origin  and  affinities  of  the  classes  of  arthropods  dealt  with.  In 
a  later  paper  (Tillyard,  1935)  he  discarded  his  previous  belief 
that  the  gonads  were  segmental  in  the  ancestors  of  insects  and 
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myriapods,  and  provided  a  different  hypothesis  to  explain  the 
disposition  of  the  gonopores  in  the  different  groups.  His  proto- 
morph  now  has  only  four  postcephalic  segments,  with  the 


Fig.  3. — Diagram  representing  the  general  characters  of  the  hypothetical 
Protaptera  of  Tillyard  and  his  revised  theory  of  the  origin  of  progoneate 
and  opisthogoneate  types.  A,  a  Protapteron.  B,  an  early  progoneate 
derivative.  C,  an  early  opisthogoneate  derivative.  g,  gonad;  g.p., 
gonopores.  (Added  segments  are  stippled  with  fine  dots.) 

primitive  gonopores  located  on  the  third  segment.  By  anamor¬ 
phosis  operating  on  the  gonopore  segment,  new  somites,  he 
maintains,  were  budded  off  either  in  front  or  behind  that  region, 
according  to  whether  the  adults  were  destined  to  be  opistho¬ 
goneate  or  progoneate  (Fig.  3).  The  protomorphic  ancestor  in 
its  new  guise  is  evidently  constructed  in  order  to  account  for  the 
oligomerous  early  stages  among  Myriapoda,  the  Collembola  now 
being  regarded  as  epimorphic  forms.  The  segmental  disposition 
of  the  gonads  among  Thysanura  is  left  out  of  the  discussion.  No 
phylogenetic  diagram  accompanies  this  second  paper,  and,  in 
the  absence  of  any  statement  to  the  contrary,  it  is  assumed  that 
he  still  maintains  that  the  groups  or  arthropods  concerned  have 
diverged  along  three  main  evolutionary  lines  from  protomorphic 
ancestors  (Protaptera). 


THE  THYSANURA  AND  SYMPHYLA. 


The  opinions  expressed  later  in  this  paper  are  based  pri¬ 
marily  upon  five  conclusions,  viz.  : 

(1)  The  Thysanura  are  the  most  generalised  of  all  insects. 

(2)  The  ancestral  insects  exhibited  a  combination  of  characters 

many  of  which  are  retained  by  the  Entognatha  and 
others  by  the  Ectognatha. 
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(3)  The  Ectognatha  are  more  nearly  related  to  the  Pterygota 

than  are  the  Entognatha. 

(4)  The  Entognatha  are  closest  related  to  the  ancestral  stem 

of  the  Insecta. 

(5)  The  Symphyla  show  more  characters  in  common  with  the 

Entognatha  than  are  exhibited  by  any  other  group  of 

Arthropoda. 

In  support  of  these  contentions  it  needs  to  be  stated  that  the 
balance  of  evidence  is  entirely  in  favour  of  regarding  the  Thy- 
sanura  as  being  the  most  primitive  known  insects — a  view  which 
is  generally  held  to-day.  The  fact  that  undoubted  fossilised  re¬ 
mains  of  the  order  are  unknown  from  any,  except  Tertiary, 
strata  is  possibly  explainable  on  the  following  grounds.  The 
palaeontological  record  of  insects  is  fragmentary  ;  even  the  earli¬ 
est  known  forms  yield  no  evidence  as  to  the  origin  of  the  class. 
The  most  prevalent  early  insect  fossils  are  wings,  remains  of 
the  trunk  and  appendages  having  been,  for  the  most  part,  far 
less  completely  preserved.  It  needs,  therefore,  to  be  borne  in 
mind  that  delicate  wingless  creatures  such  as  Thysanura  are 
likely  to  yield  little  or  no  trace  of  their  former  existence,  except 
under  conditions  exceptionally  favourable  for  fossilisation.  In 
view  of  recent  findings  which  have  added  so  much  to  knowledge 
of  extinct  insects,  it  is  not  unreasonable  to  expect  that,  sooner 
or  later,  evidence  of  early  Thysanuran  forms  will  come  to  light. 
Those  who  have  maintained  that  the  apterous  condition,  common 
to  Thysanura,  has  been  secondarily  acquired  have  failed  to  prove 
their  contention  in  view  of  the  large  proportion  of  archaic  char¬ 
acters  present,  coupled  with  the  absence  of  all  traces  of  wing 
vestiges  in  the  embryo. 

The  Thysanura  are  frequently  grouped  into  the  series  Ectog- 
natha  and  Entognatha.  Whether  these  two  series  merit  separa¬ 
tion  into  orders  of  their  own  is  chiefly  a  matter  of  opinion. 
Some  writers  regard  the  Ectognatha  as  forming  the  order 
Thysanura  sen.  str.,  and  the  Entognatha  as  constituting  the 
order  Rhabdura  or  Diplura.  In  any  case,  it  is  generally  agreed 
that  the  Ectognatha  with  their  exserted  mouth-parts  and  other 
features  come  nearest  the  line  of  descent  which  gave  rise  to  the 
Pterygota.  On  the  other  hand,  the  Entognatha  preserve  more 
features  which  are  to  be  regarded  as  belonging  to  the  ancestral 
stem  of  the  Insecta  as  a  whole. 

The  Symphyla  possess  a  combination  of  insectan  characters 
such  as  is  found  in  no  other  class  of  arthropods.  It  will  be  neces¬ 
sary  at  this  point  to  compare  the  main  features  common  to  both 
Symphyla  (5 colop endrella,  Scntigerella,  Hanseniella)  and  Entog¬ 
natha.  In  this  connexion  the  primitive  genus  Anajapyx  is  of 
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most  significance,  but  reference  to  other  genera  is  made  in  cer¬ 
tain  other  instances  (Fig.  4). 

(1)  Simple,  multiarticulate  antennae  are  common  to  both 
groups  and  the  Y-shaped  epicranial  suture  is  present  in  Scolo- 
pendrella  and  Campodea. 

(2)  Two  pairs  of  maxillae,  together  with  superlinguae  are 
present  in  both  groups.  The  mandibles  bear  a  moveable  dentate 
lamella  in  Symphyla  and  similar  organs  are  borne  in  the  same 
position  in  Anajapyx  and  Campodea. 

(3)  The  legs  are  typically  5-segmented  in  both  groups,  with 
single-segmented  tarsi  and  two  claws. 

(4)  At  the  base  of  each  leg  (from  the  3rd  to  the  12th  pairs) 
in  Symphyla  is  a  moveable  stylus  and  an  eversible  sac  (Fig.  5). 
Similar  organs  are  present  in  Entognatha  where,  in  Anajapyx , 
styli  are  present  on  the  first  seven  abdominal  segments  and 
eversible  sacs  on  segments  2  to  7. 

(5)  The  presence  of  cerci,  which  are  single-segmented  in 
Symphyla  and  in  the  1st  instar  of  Japyx  ;  in  Projapyx  they  are 
imperfectly  annulated.  Conspicuous  anal  glands  open  at  the 
apices  of  the  cerci  in  Anajapyx  and  Projapyx,  as  in  Symphyla. 

(6)  The  excretory  organs  are  Malpighian  tubes,  two  well 
developed  organs  being  present  in  Symphyla  ;  among  Entog¬ 
natha,  they  are  papilla-like  and  six  or  more  in  number. 

(7)  Salivary  glands  opening  in  the  mouth  are  present  in  both 
groups. 

(8)  The  alimentary  canal  of  Symphyla  resembles  that  of 
Entognatha  :  rectal  papillae  are  present  in  both  Scolopendrella 
and  Campodea 

In  surveying  this  list  of  common  features,  it  will  be  evident 
that  the  Symphyla  betray  a  predominantly  insectan  type  of 
organisation.  The  main  differences  between  the  two  groups  are 
as  follows  : 

(1)  First,  and  most  important,  concern  the  gonads.  The 
gonopore  in  Symphyla  is  located  on  the  4th  postcephalic  sternum* 
while  in  Entognatha  it  is  placed  between  the  nth  and  12th  post- 
cephalic  sterna.  In  Symphyla  the  gonads  are  simple  paired 
sacs,  with  the  germarium  parietal  in  location,  the  primary  germ 
cells  being  apparently  derived  from  an  extensive  primordial  zone 
of  tissue.  In  Campodea  the  gonads  are  elongated  sacs  without 
differentiation  into  lobes.  Among  most  Thysanura,  however, 
the  ovarioles  are  disposed  in  series  along  the  duct  of  either  side, 
their  number  ranging  from  two  to  seven  pairs.  Under  this 
arrangement,  the  ovarioles  may  either  coincide  with  their  re¬ 
spective  segments  (Entognatha)  or  there  may  be  no  apparent 
segmental  disposition.  The  testes  are  usually  single-lobed 
terminal  organs  in  Entognatha,  while  among  Ectognatha  they 


Fig,  4. — Structural  features  of  Anajapyx  (female).  Adapted  from  Silvestri. 
x  70.  ci-g*,  anal  gland;  g,  gonad;  g.p.,  genital  plate;  r.s.,  retractile 
vesicle ;  st stylus.  (The  gonads  and  their  ducts  are  represented  by 
dotted  lines.) 

Fig.  5. — General  structure  of  Scolopendrella.  x  30.  a.g.,  anal  gland;  c.> 
cercus ;  g,  gonad;  g.p..  gonopore ;  r.s.f  retractile  vesicle;  st.,  stylus. 
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show  division  into  lobes,  which  are  non-segmental  in  Machilis, 
but  in  Lepisma  the  lobes  coincide  with  their  respective  segments. 
Both  groups  of  Thysanura  show  the  usual  insect  condition  with 
the  germarium  localised  apically  in  the  gonads. 

In  view  of  the  evidence,  summarised  above,  it  is  scarcely 
surprising  that  the  possibility  of  the  gonads  of  insects  being 
primitively  segmentally  arranged  has  often  been  suggested.  Out¬ 
side  the  Thysanura,  a  similar  arrangement  of  these  organs  is 
almost  unknown.  It  is,  however,  evident  in  one  species  of 
Embioptera,  viz.  Haploembia  solieri  (Ramb.),  where,  according 
to  Grass!  and  Sandias  (1893-94),  there  are  five  serially  arranged 
ovarioles,  as.  in  Machilis  for  example,  with  a  similar  number  and 
arrangement  of  the  testes.  In  other  species  of  Embioptera  the 
gonads  do  not  show  any  serial  disposition  and  there  is  no  evid¬ 
ence  that  H.  solieri  is  a  primitive  member  of  the  group.  It  is 
possible  that  serial  arrangement  of  the  gonads  is  a  secondary 
acquisition,  and  the  fact  that  it  may,  or  may  not,  coincide  with 
body  segmentation  is  devoid  of  phylogenetic  significance.2  If, 
on  the  other  hand,  it  is  held  to  be  a  relic  of  a  former  ancestral 
condition,  it  is  remarkable  that  it  is  displayed  only  in  a  few 
members  of  the  highest  class  of  the  Arthropods  (e.g.  Insecta) 
and  in  no  other  group. 

Apart  from  the  gonads,  other  differences  between  the  Sym- 
phyla  and  Entognatha  are  of  relatively  minor  significance.  As 
regards  trunk  segmentation,  embryology  of  the  lower  insects 
clearly  reveals  a  primitive  condition  of  fourteen  postcephalic 
segments  together  with  a  terminal  region  or  telson.  Each  of 
these  segments  bears  embryonic  limbs,  whose  presence  can  only 
be  interpreted  as  inheritances  from  many-legged  ancestors. 
While  evidence  of  this  complete  segmentation  is  seldom  found 
in  adult  insects,  rudiments  of  the  nth  abdominal  segment  per¬ 
sist  in  Thysanura,  Orthoptera  and  other  generalised  orders. 
Usually  the  cerci,  or  appendages  of  the  nth  segment,  appear  to 
arise  from  the  10th  segment  or  are  actually  transferred  to  that 
somite,  thus  following  Lankester’s  sixth  law  of  metamerism. 
In  the  Symphyla,  the  terga  and  sterna  do  not  entirely  coincide, 
but  how  this  condition  has  been  attained  is  unexplained  in  the 
absence  of  developmental  evidence.  The  usual  number  of  tergal 
shields  is  fifteen  or  sixteen,  with  fourteen  sterna.  The  first 
twelve  .sterna  bear  legs  :  the  13th  sternum  carries  a  pair  of 
papilla-like  organs,  which  are  regarded  by  Latze'l  as  being  modi¬ 
fied  legs,  while  the  cerci  represent  the  14th  pair  of  appendages. 
With  the  very  minor  adjustment  necessary,  it  will  be  evident 

2  In  his  recent  textbook  (1935,  p.  576)  Snodgrass  remarks  that  ‘  it  is 
evident  that  the  eg g  or  sperm  tubes  are  but  secondary  outgrowths  or  sub¬ 
divisions  of  a  primitively  simple  gonad,  and  that  there  is  no  basis  in  ontog¬ 
eny  for  regarding  the  gonadial  tubes  as  a  series  of  primitive  segmental 
reproductive  organs  secondarily  united  by  a  common  lateral  duct.’ 
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that  the  trunk  segmentation  in  Symphyla  is  in  close  accord  with 
what  is  definitely  known  to  be  an  ancestral  embryonic  condition 
for  the  Insecta. 


Fig.  6. — A,  mandible  (left)  of  Scutigerella ;  B,  mandible  of  Anajapyx  ;  C, 
distal  sclerite  of  A  more  highly  magnified  (dorsal) ;  D,  dentate  lamella 
of  C  more  highly  magnified.  A,  C,  D,  after  Hansen  ;  B  after  Silvestri. 
I,  dentate  lamella  ;  t,  muscle  tendon. 

A  third  category  of  differences  is  revealed  in  the  mouth-parts. 
In  Symphyla  the  mandibles  are  composed  of  a  proximal  and 
distal  sclerite  and  a  comparable  condition  is  not  present  among 
Insecta.  There  appears,  however,  to  be  no  insuperable  difficulty 
in  deriving  the  elongated  type  of  mandible  found  in  Entognatha 
from  that  of  Symphyla  (Fig.  6)  by  assuming  that  ankylosis  of 
the  two  constituent  sclerites  has  taken  place.  This  would  in¬ 
volve  no  change  in  the  position  of  the  proximal  articulation  with 
the  cranium.  The  retention  of  the  dentate  lamella,  associated 
with  the  biting  edge  of  the  jaw  in  Anajapyx,  Camp  odea  and 
other  forms,  is  significant  in  this  connexion. 

The  legs  show  differences  which  are  apparently  correlated 
with  the  hexapod  condition  in  the  Entognatha  and  the  polypod 
condition  among  Symphyla  (Fig.  7).  Owing  to  the  neglect  of 
evidence  afforded  by  the  musculature  by  almost  all  writers,  there 
is  no  agreement  as  to  the  identity  of  the  respective  leg-segments. 
The  work  of  Ewing  (1928),  which  is  based  upon  a  comparative 
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Fig.  7. — A,  Scutigerella ,  leg  of  10th  pair;  B,  Campodea,  mesothoracic  leg. 
After  Ewing;  C,  Eosentomon ,  3rd  leg.  After  Prell ;  cx,  coxa;  extt.„ 
extensor  muscle  of  tibia;  fe.,  femur;  flc.,  flexor  muscle  of  claws;  fit., 
flexor  muscle  of  tarsus  ;  fltb.,  flexor  muscle  of  tibia  ;  lb.,  limb  base  ; 
s,  stylus;  sex.,  subcoxa;  ta.,  tarsus;  ti.,  tibia;  tr.,  trochanter. 
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examination  of  the  musculature,  agrees  in  the  main  with  my 
own  conclusions  drawn  from  a  study  of  Hanseniella  capensis. 
The  great  size  of  the  trochanter,  and  the  slight  development  of 
the  femur  and  tibia  in  Symphyla,  appear  at  first  sight  very  differ¬ 
ent  from  those  segments  in  a  typical  insect  leg.  The  Protura, 
however,  still  retain  the  slightly  developed  tibiae  but  possess 
more  pronounced  femora  (Fig.  7,  c)  :  they  are,  therefore,  inter¬ 
mediate  in  leg-characters  between  the  Symphyla  and  Entognatha. 
The  basal  leg-segments  in  Symphyla  are  difficult  to  differentiate 
clearly  and  are  here  referred  to  as  the  limb-base,  since  they  carry 
both  the  styli  and  the  eversible  sacs. 


Fig.  8. — Petrobius  ( Machilis ),  abdominal  sternum  (s)  and  limb  bases  or 

coxites  (Lb.)  with  retractile  vesicles  ( r.s .)  and  styli  (s.t.). 

The  tracheal  system  also  requires  brief  mention.  The  pre¬ 
sence  of  a  single  pair  of  spiracles  just  behind  the  antennae  in 
Symphyla  is  without  parallel  in  other  Tracheata.  The  nearest 
approach  to  this  condition  is  met  with  in  Sminthurus  and  its 
allies  among  Collembola,  where  the  spiracles  open  close  to  the 
cervical  region.  Among  Entognatha  there  is  a  wide  variation 
in  the  number  of  spiracles,  which  range  from  three  to  eleven 
pairs — a  feature  which  is  discussed  later  in  this  paper. 

Lastly,  the  Symphyla  are  anamorphic  :  its  members  leave 
the  egg  in  either  a  6-  or  7-legged  stage.  The  adoption  of  the 
epimorphic  condition  is  a  specialisation  which  may  be  assumed 
to  have  been  acquired  along  with  other  insectan  characters. 

THE  THYSANURA  ECTOGNATHA. 

Reference  has  been  previously  made  to  the  conclusion  that 
the  ectognath,  rather  than  the  entognath,  Thysanura  are  the 
more  or  less  direct  ancestors  of  the  Pterygota.  The  Lepismidae 
are  connecting  links  between  the  Machilidae  on  the  one  hand 
and  the  Blattidae,  among  Orthoptera,  on  the  other.  It  is  among 
Ectognatha  that  the  first  evident  steps  in  specialisation,  leading 
to  the  evolution  of  complete  external  male  and  female  genitalia, 
are  found.  While  the  Ectognatha  and  Entognatha  are  to  be 
regarded  as  having  been  derived  from  ancestral  insects,  they 
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represent  separate  evolutionary  lines  (Fig.  n),  and  the  two 
groups  retain  rather  different  assemblages  of  ancestral  charac¬ 
ters.  Thus,  in  Ectognatha,  the  reduced  abdominal  limbs  (Fig.  8) 
are  exhibited  in  a  more  primitive  condition  than  in  Entognatha, 
since  the  bases  of  these  appendages  have  not  undergone  amal¬ 
gamation  with  their  sterna,  as  in  Entognatha.  Also,  sty li3  are 
retained  on  the  coxae  of  the  2nd  and  3rd  pairs  of  legs  in 
Machilidae  and  are  wanting  in  this  situation  among  Entognatha. 
The  exserted  mouth-parts  of  the  Ectognatha  appear  to  have  re¬ 
sulted  from  the  non-development  of  side  folds  of  the  head  which 
account  for  their  insunk  condition  in  entognath  forms.  The 
Entognatha  show  closer  affinities  with  the  Symphyla,  not  only 
in  the  mouth-parts,  but  also'  in  the  retention,  in  some  cases,  of 
anal  glands  and  of  more  generalised  cerci.  Their  resemblance  is 
also  evident  in  such  negative  characters  as  the  absence  of  the 
median  tail  filament,  compound  eyes  and  of  definite  tarsal  seg¬ 
ments  in  the  legs.  It  will  be  evident,  therefore,  that  the  ancestral 
insects  combined  characters  which  are  retained  partly  by  the 
Entognatha  and  partly  by  the  Ectognatha. 


THE  ANCESTRY  OF  INSECTS. 

On  surveying  the  array  of  characters  just  enumerated,  the 
outstanding  feature  is  the  number  common  to  both  Symphyla 
and  Entognatha.  In  particular,  the  occurrence  of  abdominal 
styli,  eversible  sacs  and  anal  glands  opening  apically  on  the  cerci 
needs  to  be  stressed.  To  these  must  be  added  the  close  resemb¬ 
lances  in  general  anatomy,  and  the  nature  of  the  mouth-parts 
and  the  leg-segmentation.  These  characters,  taken  in  toto,  dis¬ 
play,  it  is  claimed,  a  range  of  similarities  too  remarkable  to  be 
explained  on  grounds  other  than  those  of  relatively  close  affinity. 
The  outstanding  differences  shown  in  the  gonads  are  not  held 
to  outweigh  all  other  evidence  advanced  in  support  of  this  con¬ 
clusion.  The  hypothesis  which  is  put  forward  involves  the  con¬ 
tention  that  the  opisthogoneate  condition  in  insects  has  been 
derived  from  Symphylid  stock,  which  is  progoneate — a  conclu¬ 
sion  which  will  not  find,  perhaps,  ready  acceptance  by  orthodox, 
thorough-going  morphologists.  It  will  be  briefly  developed  as 
follows.  , 

I.  The  Symphylan  ancestors  were  generalised  forms  show¬ 
ing  numerical  correspondence  in  the  postcephalic  terga  and 
sterna,  with  the  14th  segment  and  telson  separate  and  distinct. 
The  presence  of  fourteen  pairs  of  trunk  appendages  in  both  the 
Symphyla  and  generalised  insect  embryos  is  significant.  At  this 

3  These  styli  are  regarded  as  being  homologous  with  those  of  the 
abdomen,  since  the  limb-bases  (coxites)  of  that  region  represent  the  modified 
coxae  (possibly  combined  with  the  subcoxae)  of  the  ancestral  appendages. 
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stage,  the  first  and  13th  pairs  of  limbs  are  assumed  to  have 
undergone  little  or  no  structural  or  other  departure  from  that  of 
a  typical  leg.  The  second  pair  of  legs  bore  styli  on  their  bases. 

II.  The  first  change  is  marked  by  the  localisation  of  the 
main  locomotory  function  in  the  first  three  postcephalic  seg¬ 
ments.  The  appendages  in  this  region  become  more  robust,  with 
increased  development  of  the  tibia  and  femur  and  a  marked 
reduction  in  the  size  and  importance  of  the  trochanter.  The 
eversible  sacs  disappeared  from  the  third  segment,  whilst  the 
appendages  of  the  fourteenth  segment  acquired  increased  signifi¬ 
cance  as  cerci.  Reduction  and  partial  atrophy  of  the  intervening 
appendages  took  place  until,  finally,  traces  of  a  former  polypod 
condition  alone  remain. 

III.  It  is  assumed  that  the  germarium  became  localised  near 
the  apex  of  each  gonad  and,  with  this  change,  the  maturing  sex- 
cells  accumulated  posteriorly  :  the  developing  oocytes  assumed 
the  characteristic  insectan  feature  in  becoming  arranged  into  a 
linear  series.  The  outcome  of  these  changes  was  the  growth  of 
a  pair  of  new  gonoducts  to  convey  the  sexual  products  to  the 
exterior.  Since  the  gonads  in  the  Symphyla  extend  backwards 
into  the  9th  leg-bearing  segment,  the  gonoducts  were  but  short 
passages  with  the  gonopores  located  between  the  10th  and  nth 
trunk  segments.  The  backward  extension  of  the  gonoducts  is 
carried  to  a  further  stage  in  the  Pterygota  until  the  final  loca¬ 
tion  of  the  gonopore  is  either  between  the  nth  and  12th  or  the 
12th  and  13th  trunk  segments,  as  the  case  may  be.  The  seg- 
mentabposition  of  the  original  sexual  outlet  in  insects  has  been 
productive  of  considerable  discussion.  It  is  possible  that  it  may 
have  been  located  between  the  nth  and  12th  postcephalic  seg¬ 
ments,  as  in  Anajapyx  and  other  Entognatha,  but  we  lack 
embryological  evidence  as  to  whether  this  position  is  primary  or 
derived  from  an  earlier  phase.  On  the  other  hand,  the  Ephemer- 
optera,  which  are  an  admittedly  generalised  order,  have  paired 
gonopores  between  the  10th  and  nth  postcephalic  segments. 
Traces  of  a  similar  original  location  of  these  openings  are  re¬ 
vealed  in  the  embryology  of  Gryllus  and  Forficula,  according  to 
the  well-known  studies  of  Heymons  (1895).  While  this  situation 
is  provisionally  accepted  as  being  the  primitive  condition,  there 
is  an  element  of  doubt,  therefore,  to  the  extent  of  one  segment, 
as  to  the  primitive  position  of  the  g'onopores  in  insects.  This 
conclusion  in  itself  does  not  affect  the  main-  contention  that  the 
opisthogoneate  condition  in  insects  has  been  arrived  at  by  the 
development  of  new  (or  secondary)  gonoducts,  as  already  sug¬ 
gested. 

IV.  At  the  stage  when  the  aforementioned  changes  were 
evolving,  correlated  development  of  a  complex  tracheal  supply 
took  place.  The  Entognatha  fail  to  give  a  true  picture  of  the 
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original  system.  The  whole  tracheal  apparatus  in  these  insects 
shows  an  extraordinary  diversity,  suggesting  a  condition  of 
plasticity  which  has  become  specialised  in  some  cases  and  left 
generalised  in  others.  A  complete  trachea]  supply  with  fully- 
developed  longitudinal  trunks  is  present  in  Japyx  and  Anajapyx. 
Campodea,  on  the  other  hand,  has  a  tracheal  system  of  so 
limited  a  character  as  to  suggest  modification  by  reduction.  The 
number  of  spiracles  ranges  from  n  pairs  in  Japyx  solifugus  to 
io  pairs  in  Pro  japyx,  9  pairs  in  Anajapyx  and  3  pairs  in 
Campodea.  Furthermore,  the  location  of  certain  of  the  spiracles 
shows  a  range  of  variation  suggesting  that  they  are  not  homo- 
dynamous  in  every  case.  The  fact  that  the  prothoracic  spiracles 
are  present  in  Pro  japyx  suggests  the  retention  of  an  ancient 
character  and  one  only  rarely  evident,  as  a  transitory  embryonic 
feature,  in  a  few  Pterygota.  Embryological  evidence  of  signifi¬ 
cance  is  yielded  by  the  lower  Pterygota  where  an  ancestral  stage, 
with  13  pairs  of  spiracles  (3  thoracic  and  10  abdominal  in  posi¬ 
tion),  is  passed  through  in  ontogeny.  This  phase  can  be 
scarcely  regarded  otherwise  than  as  being  recapitulatory,  and, 
granted  that  the  ancestral  insects  had  this  full  complement  of 
spiracles,  the  modifications  exhibited  among  Entognatha  are  to 
be  regarded  as  derivatives  from  it.  What  little  embryological 
evidence  there  is  available  on  this  subject  in  Thysanura  clearly 
points  (in  Lepisma)  to  a  derivation  from  this  generalised  condi¬ 
tion  ( vide  Heymons,  1897). 

V.  As  regards  other  organs,  the  condition  seen  in  Symphyla 
would  require  very  slight  modification  in  order  to  conform  with 
that  of  ancestral  insects  —  a  straight  simple  alimentary  canal 
with  an  extensive  mid-intestine  and  short  stomadaeal  and  proc- 
todaeal  regians.  The  only  appendages  of  the  digestive  system  in 
such  an  ancestor  are  the  salivary  glands  and  Malpighian  tubes. 
The  latter,  as  Tillyard  has  suggested  for  his  ‘  protapterous  ’  an¬ 
cestral  form,  were  possibly  merely  short  ectodermal  lobes  or 
pockets,  serving  for  the  separation  of  urates  from  the  blood.  In 
the  Symphyla  these  organs  are  represented  by  two  long  tubes, 
whereas  in  the  Entognatha  they  are  retained  in  a  more  or  less 
unmodified  condition  but  increased  in  number  to  six  or  more.  It 
is  probable  that  six  is  the  primitive  number  for  the  ancestral  in¬ 
sect.  The  heart,  haemocoel,  fat-body  and  anal  glands  have  all 
been  inherited  from  the  Symphylids  with  but  little  modification. 
The  nervous  system  underwent  higher  development  as  compared 
with  that  of  the  Symphyla  :  this  chiefly  consisted  in  a  more 
definite  form  and  localisation  being  acquired  by  the  ganglionic 
centres.  In  addition  to  the  usual  supra-  and  infra-oesophageal 
centres,  three  thoracic  and  eight  abdominal  ganglia  became  evi¬ 
dent  in  the  ventral  nerve  cord.  This  primitive  nervous  system  is 
retained  in  its  entirety  in  the  Japygidae  and  also  among  the 
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Thysanura  Ectognatha.  The  visual  organs  were  probably  in  an 
extremely  rudimentary  condition  and  represented  by  one  or 
more  simple  eyes  on  either  side  of  the  head. 

VI.  The  main  features  of  the  embryology  of  the  ancestral 
insect  can  only  be  envisaged  by  analogy  with  what  is  known  of 
the  same  process  in  Thysanura,  and  Campodea  in  particular  : 
the  embryology  of  the  Symphyla  has  not,  so*  far,  been  investi¬ 
gated.  The  process  of  cleavage  was  probably  of  the  superficial 
type,  with  the  resulting  blastoderm  almost  completely  encircling 
the  egg.  A  well-developed  precephalic  or  dorsal  organ  was 
specially  evident  in  the  early  stages  :  both  amnion  and  serosa 
were  absent.  During  the  formation  of  the  embryo  the  labrum 
developed  from  an  unpaired  rudiment :  tritoeerebral  appendages 
were  formed  :  superlinguae  developed  as  side  lobes  to  the  hypo- 
pharynx  and  the  abdomen  showed  eleven  segments,  each  bear¬ 
ing  appendages.  On  eclosion  the  young  insect  was  epimorphic 
and  developed  into  the  adult  by  gradual  growth,  marked  by 
several  ecdyses. 

The  habitat  of  the  ancestral  insects  was  probably  concealed 
places  in  damp  earth,  rich  in  organic  materials.  The  probable 
size  of  these  creatures  was  not  more  than  i  cm.  in  length. 

The  hypothetical  ancestral  insect  is  represented  in  Fig.  9. 
Its  derivation,  it  must  be  understood,  is  from  Symphylan  forms 
not  very  different  from  those  prevailing  to-day.  This  theory  is 
based,  in  the  main,  upon  the  facts  of  morphology  and  develop¬ 
ment,  and  involves  less  speculative  reconstruction  of  hypotheti¬ 
cal  evolutionary  stages  than  some  of  its  predecessors.  In  view 
of  the  emphasis  laid  by  most  writers  upon  the  importance  of  the 
progoneate  and  opisthogoneate  conditions  and  the  hypotheses 
advanced  by  Tillyard  to  account  for  their  origin,  some  further 
comment  relative  to  the  possible  mode  of  derivation  of  the 
opisthogoneate  condition  among  Insecta  is  called  for.  The  con¬ 
tention  that  it  has  been  brought  about  by  the  development  of 
new  (or  secondary)  gonoducts  from  progoneate  ancestors  may 
not  involve  such  a  tax  on  credulity  in  the  light  of  the  under¬ 
mentioned  facts.  Among  the  Insecta  are  found  many  examples 
of  new  organs,  or  structures,  developing  in  conformity  with  pre¬ 
sumably  special  needs  ;  also,  existing  organs  have  been  sub¬ 
jected  to  drastic  modification.  Among  Odonata,  for  example, 
the  development  of  accessory  genitalia  in  connexion  with  the 
2nd  and  3rd  abdominal  segments  in  the  males,  which  have  no 
ontogenetic  significance,  is  a  case  in  point.  In  the  bed-bugs, 
genus  Cimex  ( Clinocoris ),  the  females  have  developed  a  special 
copulatory  orifice  in  the  form  of  a  short  longitudinal  slit  on  the 
5th  (apparently  4th)  abdominal  sternum.  This  forms  the  external 
opening  of  th^  organ  of  Berlese  and  has  no*  homologue  in  any 
other  insects.  Again,  there  are  familiar  examples  where  second- 
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Fig.  9. — Hypothetical  ancestral  insect,  (ventral),  x  circa  18.  ai,  0,2 ,  ay, 
limb  rudiments;  an,  nth  abdominal  segment;  a.g.,  anal  gland;  c, 
cercus ;  g,  gonad;  g.p gonopores ;  Lb.,  limb  base;  r.s.,  retractile 
vesicle ;  sp.,  spiracle  ;  st.t  stylus. 
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ary  sexual  orifices  to  the  exterior  have  developed  in  connexion 
with  the  genital  system  itself,  as  in  female  Lepidoptera.  In 
Strepsiptera  from  three  to  five  segmentally  arranged  genital 
passages  are  present,  with  openings  on  the  2nd  and  following 
abdominal  segments.  Sufficient  examples  are  perhaps  thus 
afforded  to  establish  the  contention  that  the  premises  involved 
in  the  present  theory  are  not  without  precedent. 

THE  PROTOMYRIAPODA. 

Having  outlined  the  arguments  relative  to  the  probable 
morphological  characters  of  the  ancestral  insects,  it  is  neces¬ 
sary  to  refer  briefly  to  their  relations  with  the  Myriapoda.  The 
Symphyla,  from  which  it  is  claimed  that  the  ancestral  insects 
took  their  origin,  were  earlier  and  more  generalised  forms  than 
those  living  to-day,  but  probably  not  very  different  in  their  main 
characters.  The  Symphyla-Insecta  represent  a  definite  evolution¬ 
ary  line  while  the  Chilopoda  and  Diplopoda  pursued  different 
paths  of  development  (Fig.  11).  A  fourth  group  is  represented 
by  the  Pauropoda,  which  appear  to  be  closer  related  to  the 
Diplopoda  than  to  any  other  class.  The  four  classes  (Symphyla, 
Diplopoda,  Pauropoda  and  Chilopoda)  possess,  however,  certain 
basic  common  characters,  and  few  zoologists  will  doubt  that 
their  origin,  however  remote  it  may  have  been,  was  from  some 
common  ancestral  stock.  These  ancestors,  in  the  absence  of  any 
known  living  fossil  forms  of  sufficiently  generalised  structure, 
are  necessarily  hypothetical,  and  for  the  purpose  of  the  present 
discussion  I  have  termed  them  Protomyriapoda.  This  class  prob¬ 
ably  exhibited  considerable  diversity  of  structure  and,  in  com¬ 
mon  with  many  early  fossil  forms  wherein  differentiation  has 
not  proceeded  very  far,  its  genera  probably  displayed  characters 
which  would  be  regarded  as  of  family  or  higher  significance 
among  living  forms.  The  Protomyriapoda  may  be  assumed  to 
have  possessed  the  following  main  characters  : 

(1)  The  head  bore  a  single  pair  of  antennae  and  two  pairs  of 
jaws,  viz.  mandibles  and  maxillae :  the  2nd  maxillae  were  prob¬ 
ably  a  subsequent  acquisition. 

(2)  The  trunk  was  composed  of  a  variable  and  indefinite  num¬ 
ber  of  sub-equal  segments,  each  bearing  a  pair  of  legs.  It  is 
probable  that  anamorphosis  was  universal  and  was  continued 
throughout  the  life  of  the  animal. 

(3)  The  gonads  opened  to  the  exterior  by  paired  apertures, 
and  the  segmental  disposition  of  these  orifices  probably  varied 
in  different  families  and  depended  upon  that  of  the  coelomoducts 
involved.  In  Crustacea  the  location  of  the  gonopores  ranges 
from  the  1st  trunk  segment  in  Cirripedia  to  the  19th  segment  in 
some  Branchiopoda.  There  is  no -evidence  as  to  how  this  was 
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brought  about,  but  it  seems  possible  that  different  pairs  of 
original  coelomoducts  were  transformed  into  genital  passages  in 
the  various  groups  of  this  class.  It  is  probable  that  an  analagous 
phenomenon  prevailed  in  the  ancestral  Protomyriapoda  which 
ultimately  led  to  the  established  progoneate  and  opisthogoneate 
conditions  diagnostic  of  recent  forms. 

(4)  The  alimentary  canal  was  probably  a  simple  straight 
tube,  while  the  excretory  organs  were  little  more  than  procto- 
daeal  outgrowths  or  pockets  ;  an  accessory  excretory  function 
was  probably  performed  by  the  fat-body. 

(5)  Respiration  was  probably  cutaneous  in  many  forms  and 
partially  tracheate  in  others.  The  tracheae  were  presumably  in 
the  form  of  groups  of  unbranched  tubuli  devoid  of  taenidia  and 
bearing  a  general  resemblance  to  those  of  Diplopoda.  Each 
group  of  tracheae  opened  laterally  by  means  of  simple,  crypt¬ 
like,  segmentally  arranged  spiracles  :  in  some  forms  a  pair  of 
spiracles  was  probably  located  also  on  the  head. 

It  would  seem  probable  that  evolution  into  the  recent  classes 
of  Myriapoda  took  place  by  subsequent  differentiation  of  general¬ 
ised  progenitors  exhibiting  the  characters  summarised  above. 

THE  PROTURA  AND  COLLEMBOLA. 

So  far,  these  two  orders  have  been  omitted  from  the  discus¬ 
sion.  They  appear  to  be  side  developments  which  do  not  pro¬ 
vide  direct  evidence  bearing  upon  the  main  problem  of  insect 
ancestry.  The  Protura  exhibit  a  combination  of  both  primitive 
and  secondary  characters  :  their  embryology  is  unknown  and 
their  morphology  reveals  little  as  to  their  possible  derivation. 
On  eclosion  from  the  egg*  they  have  nine  abdominal  segments, 
and,  subsequently,  three  more  are  added  by  postembryonic 
growth,  thus  bringing  the  metamerism  in  line  with  that  dis¬ 
played  in  generalised  insect  embryos.  The  retention  of  anamor¬ 
phosis  has  evidently  resulted  in  the  backward  migration  of  the 
gonopore  to  a  position  between  the  nth  and  12th  abdominal 
segments.  Insectan  features  are  displayed  in  the  development  of 
a  thoracic  region  differentiated  by  the  possession  of  three  pairs 
of  legs.  Also,  the  gonads  with  the  germarium  apical  in  position, 
and  showing  a  general  structure  not  unlike  the  same  organs  in 
Campodea,  are  evidently  insectan  in  type.  Their  entognath 
mouth-parts  involve  the  same  gnathal  appendages  as  in  insects, 
but  are  of  a  highly  specialised  character.  Much  of  the  internal 
anatomy  is  simple  and  generalised,  which,  taken  in  conjunction 
with  the  presence  of  rudiments  of  three  pairs  of  abdominal  limbs, 
and  the  retention  of  anamorphosis,  provide  features  indicating 
affinity  with  a  myriapod  ancestor.  The  only  class  suggestive  of 
such  an  origin  is  the  Symphyla.  It  is  possible,  therefore,  that 
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they  are  highly  modified  derivatives  of  that  group.  Their  hexa¬ 
pod  characters  suggest  that  their  initial  evolutionary  stages 
were  along  with  the  rest  of  the  Insecta.  Subsequently  they 
diverged  as  an  offshoot  which  became  higfily  specialised  as  to 
their  minute  size  and  the  loss  of  the  antennae  and  cerci.  The 
slight  development  of  the  tracheal  system  appears  to  be  corre¬ 
lated  with  the  great  reduction  in  body  size  and,  consequently,  in 
respiratory  needs. 

The  Collembola  are  even  more  remote  from  the  main  line  of 
insect  evolution  than  Proturans.  Their  anatomy  and  embryology 
are  well  known  but  afford  scarcely  any  evidence  as  to  their 
affinities.  Certain  important  characters  present  in  Collembola 
differentiate  them  very  distinctly  from  all  insects.  These  may  be 
summarised  as  follows  : 

(1)  There  is  no  evidence  of  more  than  nine  postcephalic  seg¬ 

ments  at  any  stage  of  their  ontogeny. 

(2)  The  gonads  differ  from  the  prevailing  insectan  type  in 

that  the  germarium  is  lateral,  instead  of  apical,  in  posi¬ 
tion  :  the  eggs  show  no  disposition  to  be  arranged  in  a 
linear  series  of  follicles  and  the  gonopore  is  on  the  5th 
abdominal  segment. 

(3)  All  traces  of  Malpighian  tubes  are  wanting  :  excretory 

functions  are  performed  by  the  epithelial  layer  of  the 
mid-intestine,  which  is  periodically  renewed  in  a  peculiar 
manner,  and  by  the  fat-body,  one  of  whose  functions  is 
that  of  a  storage  organ  for  waste  products. 

(4)  Peculiar  postantennal  organs,  which  have  no  homologues 

among  insects,  are  present  and  appear  to  be  comparable 
with  Tomosovary’s  organ  in  Chilopoda  and  Diplopoda. 

(5)  During  embryonic  development,  total  cleavage  takes  place, 

the  prevailing  superficial  type  of  insects  supervening 
later.  There  is  no  amnion  or  serosa. 

The  inclusion  of  Collembola  among  insects  is  based  primarily 
upon  three  characters,  viz.  they  are  opisthogoneate,  the  mouth- 
parts  are  formed  on  the  insectan  plan,  and  the  first  three  pairs 
of  trunk  appendages  are  functional  legs. 

In  addition  to  the  various  characters  just  alluded  to,  the 
Collembola  also  exhibit  independent  features  indicative  of  high 
specialisation.  The  nervous  system  shows  definite  concentration, 
the  abdominal  ganglia  being  merged  into  the  metathoracic  nerve 
centre  ;  the  three  pairs  of  abdominal  limbs  are  individually  highly 
specialised  to  serve  different  functions  ;  in  the  absence  of  Mal¬ 
pighian  tubes,  a  peculiar  method  of  excretion  occurs  which  has 
already  been  alluded  to.  In  connexion  with  the  problem  of  the 
relationships  of  Collembola,  it  needs  to  be  borne  in  mind  that 
these  creatures  undergo  precocious  sexual  maturity,  since  the 
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sex  cells  are  in  an  advanced  state  of  development  at  the  time  of 
eclosion  from  the  egg*.  Also,  an  ecdysis  takes  place  after  repro¬ 
duction  has  begun  :  the  final  instar,  therefore,  occurs  when  the 
animal  is  already  sexually  functional.  Possibly  correlated  with 
these  phenomena  is  the  very  limited  segmentation  of  the  trunk. 
This  latter  feature  may  be  due  to  cessation  of  growth,  owing  to 
paucity  of  yolk,  at  a  stage  when  only  nine  trunk  segments  (8  and 
telson)  have  developed.  It  might,  of  course,  be  argued  that  the 
ancestral  Collembola  had  a  larger  number  of  segments  and  that 
all  traces  have  been  deleted  from  the  ontogeny.  There  is,  how¬ 
ever,  no  evidence  for  such  a  contention,  which  can  only  be  re¬ 
garded  as  speculative.  Embryology  indicates  that  the  ancestors 


Fig.  io. — Anurida,  section  through  an  egg  during  total  cleavage.  After 
Claypole. 

of  Collembola  had  eight  pairs  of  postcephalic  appendages.  The 
early  segmentation  of  the  egg  is  holoblastic  (Fig.  io),  and  this 
character  is  almost  certainly  a  secondary  phase  made  possible 
by  reduction  of  the  yolk.  It  is  most  nearly  approached  by  the 
Diplopoda,  where  the  early  division  of  the  egg  is  by  complete 
segmentation.  The  absence  of  both  amnion  and  serosa  is  a 
Myriapod,  rather  than  an  Insectan,  character  :  in  Campodea, 
however,  Uzel  (1898)  showed  that  these  membranes  are  also  un¬ 
developed.  The  genital  organs  (Willem,  1900  ;  de  Winter,  1913) 
show  a  marked  affinity  with  those  of  the  Symphyla  and  Chilo- 
poda,  especially  as  regards  the  germarium  and  the  absence  of 
ovarioles.  The  germarium,  which  is  in  close  association  with  the 
gonadial  wall,  usually  extends  to  the  whole  length  of  the  gonad 
in  the  male,  while  in  the  female  it  is  localised  posteriorly.  Each 
ovary  is  a  sac  showing  no  orderly  arrangement  of  the  egg- 
follicles  into  linear  series  and  is  not  homologous  with  an  insectan 
ovariole.  The  process  of  oogenesis  is  also  peculiar  and,  accord¬ 
ing  to  Willem,  is  of  a  type  found  nowhere  among  insects  except 
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in  Campodea.  Claypole  (1898)  has  suggested  that  the  Collem- 
bolan  Anurida  was  derived  from  originally  progoneate  forms, 
which  had  the  gonopore  opening  at  the  position  of  the  ventral 
tube,  or,  in  other  words,  on  the  4th  postcephalic  segment  as  in 
Symphyla.  The  main  evidence  brought  forward  in  support  of 
this  contention  is  embryological.  The  developing  gonad,  it  ap¬ 
pears,  has  a  forwardly  directed  prolongation  which  curves  in  a 
striking  manner  towards  the  ventral  wall  of  the  1st  abdominal 
segment ;  it  is  evident  long  before  the  posterior  duct  has  begun 
to  develop,  and  the  suggestion  is  that  it  is  a  relic  of  a  former 
oviduct.  Comment  is  also  made  on  the  highly  vascular  nature  of 
the  modified  genital  appendages  in  some  Diplopoda  which  re¬ 
semble  the  ventral  tube  of  Collembola  in  structure.  In  connexion 
with  Claypole’ s  suggestion,  it  needs  to  be  stressed  that  the 
structure  of  the  ovaries  of  Collembola  is  very  different  from  the 
prevailing  insectan  type  and  resembles  that  of  the  Symphyla.  It 
may,  therefore,  be  possible  that  the  opisthogoneate  condition  in 
Collembola  is,  ontogenetically,  a  recent  acquisition  and,  in  con¬ 
sequence,  the  characteristic  features  associated  with  it  in  the 
gonads  of  insects  have  not  become  established. 

The  mouth-parts  show  characters  which  resemble  those  of 
the  Entognatha  in  a  general  way,  while  the  superlinguae  are 
common  to  the  Symphyla  and  Entognatha  also.  No  one,  how¬ 
ever,  would  maintain  that  the  resemblance  in  the  mouth-parts 
alone  is  sufficiently  close  to  afford  proof  of  real  affinity  with  the 
Entognatha.  The  legs  are  of  relatively  simple  build,  without 
separate  differentiation  into  tibia  and  tarsus  —  a  character  not 
present  either  in  Symphyla  or  Entognatha. 

To  arrive  at  a  definite  conclusion  respecting  the  affinities  of 
the  Collembola  seems  to  be  impossible  on  the  available  evidence. 
They  appear  to  be  a  relic,  representing  a  minor  evolutionary  line 
more  ancient  than  that  of  the  true  Insecta.  They  might  be  com¬ 
pared  in  a  general  way  with  the  6-legged  immature  forms  of 
Pauropoda  and  Diplopoda,  which  have  only  the  initial  trunk  seg¬ 
ments  developed.  Assuming  that  in  such  a  phase  the  animal 
became  sexually  mature,  and  its  further  development  became 
arrested,  the  resulting  organism  would,  at  least,  bear  a  striking 
resemblance  to  a  Collembolan.  On  the  whole,  the  evidence 
seems  to  point  to  the  origin  of  the  Collembola  as  an  offshoot 
from  the  base  of  the  Symphylid  stem,  near  the  supposed  origins 
of  other  progoneate  Myriapod  classes  (Fig.  11).  Their  inclusion 
among  the  insects  can  only  be  accepted  with  the  reservation 
that,  while  they  betray  certain  hexapod  features  in  their  organi¬ 
sation,  they  represent  a  side  development  remote  from  the  main 
evolutionary  line  of  the  Insecta. 

On  the  basis  of  the  opinions  expressed  in  this  chapter  it 
would  appear  that  the  division  of  the  Insecta  into  the  two  sub- 
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classes,  Apterygota  and  Pterygota,  is  not  entirely  satisfactory. 
An  alternative  grouping  is  a  division  into 

Subclass  I.  Oligoentomata  or  Collembola. 

Subclass  II.  Myrientomata  or  Protura. 

Subclass  III.  Euentomata  or  Thysanura  and  Pterygota. 

Such  a  division  into  three  classes  would  have  the  advantage,  at 
least,  of  expressing  the  evolutionary  lines  that  are  involved. 


Fig.  ii. — Phylogenetic  diagram  showing  the  evolution  of  the  Insecta  and  the 
classes  of  Myriapoda. 

REMARKS  ON  THE  ‘  PROTAPTERA  ’  THEORY. 

(i)  The  conclusions  embodied  in  the  present  paper  are  not  in 
accordance  with  recent  opinions  expressed  by  Tillyard.  An  im¬ 
portant  difference  in  viewpoint  centres  around  the  problem  as  to 
what  significance  is  to  be  attached  to  the  immature  forms  found 
among  the  Myriapoda.  This  writer  claims  that  they  are  modified 
early  ancestral  stages,  a  contention  that  does  not  appear  to  be 
supported  by  sufficient  evidence,  Their  occurrence,  as  is  pointed 
out  below,  is  subject  to  a  different  explanation. 

The  classes  of  Myriapoda,  as  previously  stated,  appear  to 
have  been  derived  from  multi-segmented  ancestors  (Protomyria- 
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poda)  whose  somites  were  indefinite  in  number  since  they  were 
being-  added  to  throughout  life.  If  this  contention  be  correct  the 
problem  arises,  as  just  mentioned,  with  reg-ard  to  the  significance 
of  the  so-called  larval  forms  which  prevail  in  each  of  the  four 
classes  of  living  Myriapoda.  The  fundamental  causes  which 
govern  the  stage  in  segmental  growth,  when  eclosion  from  the 
egg  occurs,  are  obscure.  On  my  interpretation  these  causes  are, 
in  the  main,  physiological.  It  seems  likely  that  differences  in 
parental  metabolism,  resulting  in  modification  in  the  amount  and 
composition  of  formative  material  in  the  yolk,  are  important  in 
this  respect.  The  eggs  of  Chilopoda,  for  example,  are  rich  in 
yolk  and  segmentation  is  of  the  superficial  type.  In  this  class 
the  animal  at  the  time  of  eclosion  is  composed  of  seven  or  more 
leg-bearing  segments,  and  some  forms,  such  as  the  Scolopen- 
dridae,  are  unique  among  Myriapoda  in  being  epimorphic. 
Turning  now  to  the  Diplopoda,  the  prevailing  type  of  segmenta¬ 
tion  is  total,  leadingi  to  the  formation  of  a  morula,  but  in  some 
forms  it  is  superficial  from  the  outset.  These  facts  suggest  that 
there  is  considerable  variation  in  amount  of  yolk  in  different 
genera  and  species  (vide  Dawydoff,  1928).  This  class  is  also  the 
most  highly  specialised  structurally  of  the  Myriapoda,  and 
among  these  animals  anamorphosis  seems  to  have  become 
pushed  forward  to  a  very  early  stage  of  segment  formation.  The 
result  is  evidenced  by  the  fact  that  many  forms  issue  from  the 
egg  with  only  three  pairs  of  functional  legs  and  with  three  to 
five  pairs  in  a  rudimentary  phase ;  others  are  hatched  with  eight 
or  more  pairs  of  walking  limbs.  These  immature  forms  betray 
no  true  larval  features,  since  they  have  already  the  adult  organi¬ 
sation  impressed  upon  them.  Completion  of  growth  mainly  in¬ 
volves  increase  in  size,  the  addition  of  more  joints  to  the 
antennae,  further  development  of  the  eyes  and  the  acquisition  of 
the  full  number  of  body  segments  and  legs — culminating  in  the 
attainment  of  sexual  maturity.  In  some  cases  ( Julus ,  Strongylo- 
soma,  and  Polydesmus )  eclosion  may  occur  even  earlier,  when 
the  animal  is  in  a  more  or  less  embryonic  condition  which  ap¬ 
pears  to  undergo  a  kind  of  diapause. 

It  will  be  evident  that  among  Myriapoda  eclosion  from  the 
egg  occurs  when  a  variable  number  of  segments  and  appen¬ 
dages  are  formed.  As  Reynolds  (1935)  remarks,  the  few-seg- 
mented  growth-phase  obviously  precedes  one  with  a  larger 
number  of  segments  owing  to  the  nature  of  anamorphosis  itself. 
Tillyard’s  theory  involves  the  conclusion  that  the  earlier  ana¬ 
morphosis  occurs  in  the  ontogeny,  the  nearer  is  the  immature 
animal  to  the  ancestral  form.  It  overlooks  secondary  changes 
and  is  based  on  metamerism  and  nothing-  else. 

(2)  In  Fig.  3  ian  attempt  has  been  made  to  reconstruct  Till¬ 
yard’s  ancestral  Protapteron  and,  at  the  same  time,  to  represent 
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in  diagrammatic  form  his  revised  theory  as  to  the  origin  of  pro- 
goneate  and  opisthogoneate  types.  In  his  1935  paper  this  author 
does  not  commit  himself  to  illustrating  the  general  facies  of 
this  supposed  ancestor.  For  this  reason,  Fig.  3 a  represents  my 
interpretation,  based  upon  his  data.  By  attempting  to  represent 
this  organism  in  graphic  form,  a  clearer  conception  of  its  sup¬ 
posed  characters  is  obtained.  Having  thus  envisaged  the  general 
characters  of  the  Protaptera,  their  own  supposed  ancestry  obvi¬ 
ously  requires  comment.  It  is  evident  from  Tillyard’s  1930 
paper  that  he  regards  the  Protaptera  as  having  been  evolved 
from  a  highly  modified  nauplioid  larval  type.  The  doubt  which 
exists  as  to  whether  the  nauplius  was  ever  a  functioning  repro¬ 
ductive  organism  argues  against  this  contention.  As  Caiman 
remarks,  the  nauplius  is  a  larval  form  representing,  perhaps,  a 
post-trochophore  stage  with  some  of  the  later-acquired  crustacean 
characters  superposed  upon  it.  Also,  there  is  no  evidence  that 
any  arthropods  preserve  in  their  ontogeny  a  terrestrial  nauplioid 
derivative,  however  highly  modified  the  latter  may  have  been. 
The  nauplius  seems  ill-adapted  to  take  to  the  land,  and,  in  this 
connexion,  it  is  noteworthy  that  among  terrestrial  Crustacea  the 
larval  ontogeny  either  becomes  so  compressed  that  what  traces 
remain  are  passed  through  in  the  egg,  or,  where  larval  stages 
are  retained,  the  latter  still  inhabit  an  aquatic  environment.  It 
may  be  concluded,  therefore,  that  it  is  highly  improbable  that 
the  hypothetical  Protaptera,  derived  from  nauplioid  ancestors, 
ever  existed. 

(3)  Tillyard  admits  (1930,  p.  55)  that  the  Symphyla  and  Thy- 
sanura  show  characters  implying  that  they  were  derived  from  a 
common  ancestor.  This  being  so,  that  ancestor  must  have  pos¬ 
sessed  complete  mouth-parts — not  with  hypopharynx  and  super¬ 
linguae  alone  forming  the  lower  lip,  as  he  maintains.  Such  an 
ancestor  must  have  possessed  also  abdominal  styli,  eversible 
sacs,  together  with  cerci  and  their  associated  anal  glands.  In 
other  words,  it  is  very  different  from  his  latest  conception  (1935) 
of  his  protomorphic  ancestor.  The  only  alternative  conclusion 
is  that  all  the  fundamental  characters  just  enumerated  have  been 
independently  acquired  by  both  Thysanura  and  Symphyla,  thus 
affording  an  example  of  parallelism  in  evolution  which  would 
overtax  the  credulity  of  most  zoologists. 

(4)  Reynolds  (1935)  has  discussed  Tillyard’s  views  on  seg¬ 
mentation  and  upholds  Lankester’s  belief  that  the  ancestral 
Arthropoda  were  multisegmented  with  an  indefinite  number  of 
segments.  Anamorphosis,  Reynolds  maintains,  is  the  primitive 
condition,  and  no  importance,  recapitulatory  or  otherwise,  can 
be  attached  to  the  few-segmented  condition  found  in  larval  or 
embryonic  forms.  Animals,  he  adds,  must  pass  through  a  few- 
segmented  phase  in  their  development,  no  matter  how  many 
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segments  their  ancestors  possessed  or  they  themselves  are  going 
to  possess.  Reynolds’  arguments,  if  I  understand  them  correctly, 
imply  that  few-segmented  forms  arise  owing  to  cessation  of 
anamorphosis  and  that  evidence  of  derivation  from  multi- 
segmented  ancestors  would  not,  therefore,  be  shown  in  their 
ontogeny.  The  Collembola,  in  his  belief,  were  not  primarily  few- 
segmented  creatures,  and  their  former  condition  would  not 
necessarily  be  reflected  in  their  embryonic  development. 

(5)  In  an  attempt  to  sum  up  the  difference  in  viewpoint  as 
compared  with  that  of  Tillyard,  it  may  be  said  that  fundament¬ 
ally  it  is  this.  The  theory  of  Tillyard,  which  formulates  an 
ohgomerous  protomorphic  ancestor,  has  resulted  in  an  attempt 
to  trace  the  origin  of  insects  much  further  back  in  the  evolution 
of  arthropods  than  the  evidence  of  comparative  morphology  and 
embryology  appears  to  justify. 

(6)  Should  the  reader  of  Tillyard’ s  1930  paper  also  peruse 

the  present  article,  certain  discrepancies,  affecting  statements  of 
fact  in  the  two  cases,  will  scarcely  be  overlooked.  It  is,  there¬ 
fore,  desirable  to  clarify  those  points  which  bear  more  or  less 
directly  upon  the  subjects  introduced,  (a)  On  p.  50  (Fig.  15)  of 
Tillyard ’s  paper  the  distal  leg-segment  of  S colop endrella  is 
identified  as  a  tibio-tarsus.  That  this  is  obviously  incorrect  will 
be  evident  if  the  musculature  be  taken  into  account  :  the  flexor 
muscle  of  the  claws  traverses  this  segment  and  has  its  origin  in 
the  tibia  (misnamed  femur),  thus  agreeing  with  a  typical  insect 
leg*,  (h)  Tillyard,  p.  71.  The  statement  that  there  are  two  pairs 
of  thoracic  and  one  pair  of  abdominal  spiracles  in  Anajapyx  in¬ 
dicates  that  the  author  has  overlooked  the  fact  that  there  are 
seven  pairs  of  abdominal  spiracles  in  this  type  ( vide  Silvestri, 
I9°5,  p.  11,  Fig.  1 1).  (c)  Tillyard,  p.  74.  It  is  stated  that 

Collembola  carry  out  their  excretion,  apparently,  entirely 
through  the  cuticle.  No  such  method  of  excretion  is  known  in 
this  order  :  the  processes  involved  are  referred  to  on  p.  21  of 
the  present  paper  and  are  dealt  with  in  detail  in  the  works  of 
Willem  (1900),  Folsom  and  Welles  (1906),  and  Ichikawa  (1931). 
On  the  same  page  it  is  stated  in  italics  no  Crustacean  is  known 
with  any  trace  of  Malpighian  tubes,  while  those  of  Arachnida 
are  of  endodermal  origin.  The  fact  is  overlooked  that  Malpighian 
tubes  are  present  in  Gammarus ,  Orchestia,  Talitrus ,  Melita  and 
other  genera  of  Amphipoda  where  they  are  of  endodermal  origin. 

SUMMARY  OF  GENERAL  CONCLUSIONS. 

Among  the  various  theories  accounting  for  the  origin  of  in¬ 
sects,  that  most  in  accord  with  morphological  evidence  involves 
the  derivation  of  these  animals  from  Symphylan  ancestors.  The 
many  structural  features  common  to  the  Thysanura  and  Sym- 
phyla  afford  the  basis  for  this  conclusion. 
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The  Thysanura  Ectognatha  and  Entognatha  represent  separ¬ 
ate  lines  of  evolution  :  the  Entognatha  show  closer  resemblances 
in  some  respects  to  the  ancestral  insects  than  the  Ectognatha, 
which  betray  nearer  affinity  with  the  lower  Pterygota. 

The  characters  of  the  hypothetical  ancestral  insects  are  as 
follows  : 

(a)  Head  composed  of  six  fused  segments  and  bearing  simple 

multi-articulate  antennae.  Visual  organs  rudimentary, 
composed  of  one  or  more  pairs  of  ocelli. 

( b )  Mouth-parts  comprising  mandibles,  maxillae,  hypopharynx 

with  superlinguae,  and  labium. 

(c)  Thorax  with  segments  subequal.  Legs  6-segmented  with 

the  tarsi  composed  of  single  segment  bearing  two  claws. 

( d )  Abdomen  of  n  segments  together  with  a  telson.  Bases  of 

the  primitive  limbs  present,  each  bearing  a  stylus  and 
eversible  sac ;  the  first  three  segments  also  retaining 
rudiments  of  the  shafts  of  the  appendages.  The  nth 
segment  with  short,  unsegmented  cerci,  bearing  at  their 
apices  the  orifices  of  large  anal  glands.  Telson  evident 
and  distinct. 

(e)  Tracheal  system  opening  to  the  exterior  by  13  pairs  of 

spiracles  (3  thoracic,  10  abdominal).  Tracheae  grouped 
into  tufts,  without  longitudinal  or  transverse  connecting 
trunks. 

(/)  Reproductive  organs  composed  of  a  pair  of  simple,  sac- 
like  gonads,  with  the  germarium  apical  in  position. 
Gonopores  paired  and  probably  located  between  the  7th 
and  8th  abdominal  sterna.  External  genitalia  wanting. 

(g)  Alimentary  canal  a  straight  tube  with  short  stomodaeal 

and  proctodaeal  regions.  Malpighian  tubes  represented 
by  six  coecal  outgrowths  of  the  proctodaeum  ;  the  fat- 
body  also  serving  an  accessory  excretory  function.  Sali¬ 
vary  glands  well  developed,  opening  on  floor  of  mouth. 

( h )  Central  nervous  system  consisting  of  supra-  and  infra- 

oesophagal  ganglia,  3  thoracic  and  8  abdominal  ganglia, 
joined  by  double  connectives. 

(i)  Embryonic  development  characterised  by  superficial  cleav¬ 

age  and  absence  of  amnion  and  serosa. 

(7)  Young  insect  on  eclosion  resembling  adult,  the  latter  instar 
being  assumed  by  gradual  growth  accompanied  by 
several  ecdyses. 

(k)  Habitat  terrestrial,  in  moist  soil ;  length  not  exceeding 
1  cm. 

The  earliest,  or  ancestral,  insects  were  derived  from  general¬ 
ised  Symphyla  not  very  different  from  recent  forms.  The  follow¬ 
ing  main  changes  in  Svmphylan  structure  were  involved  :  (a) 
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numerical  coincidence  of  the  terga  and  sterna  ;  (fr)  concentration 
of  the  locomotory  function  in  the  first  three  postcephalic  seg¬ 
ments,  the  remaining  ambulatory  appendages  being*  reduced  to 
vestiges  ;  (c)  localisation  of  the  germarium  in  the  apices  of  the 
gonads  and  the  consequent  development  of  posterior  gonoducts 
which  resulted  in  the  disappearance  of  the  original  progoneate 
condition  ;  ( d )  development  of  a  segmental  tracheal  system  ;  ( e ) 
loss  of  anamorphosis. 

The  Protura  and  Collembola  are  side  developments,  separate 
from  the  main  trend  of  insect  evolution.  In  the  Protura  there  is 
a  predominance  of  hexapod  characters,  suggesting  that  their 
initial  evolution  was  with  the  rest  of  the  Insecta.  Subsequently 
they  diverged  as  a  specialised  side  branch,  retaining  however 
the  primitive  feature  of  anamorphosis.  The  Collembola  afford 
but  little  indication  of  their  evolution  beyond  showing  a  com¬ 
bination  of  insectan  and  myriapod  features.  Owing,  perhaps,  to 
paucity  of  yolk,  which  has  induced  holoblastic  segmentation, 
development  became  arrested  after  the  acquisition  of  nine  trunk 
segments  and  precocious  sexual  maturity  supervened.  The 
gonads  are  non-insectan  in  character  with  the  germarium  either 
parietal  or  posterior  in  location,  suggesting  the  possibility  that 
the  opisthogoneate  condition  has  been  relatively  newly  acquired. 
The  origin  of  the  Collembola  is,  perhaps,  as  an  offshoot  from 
the  base  of  the  Symphylan  stem,  remote  from  the  main  evolu¬ 
tionary  line  of  the  Insecta. 

The  division  of  the  Insecta  into  Apterygota  and  Pterygota  is 
not  entirely  satisfactory.  A  suggested  alternative  grouping  is  a 
division  into 

Subclass  I.  Oligoentomata  :  Collembola. 

,,  II.  Myrientomata  :  Protura. 

,,  III.  Euentomata  :  Thysanura  and  Pterygota. 

This  classification  has  the  advantage  of  expressing  the  evolu¬ 
tionary  lines  involved. 

The  Myriapod  classes,  Symphyla,  Diplopoda,  Pauropoda  and 
Chilopoda,  exhibit  certain  basic  characters,  suggesting  their 
origin  from  a  common  ancestral  group  of  Protomyriapoda. 
These  hypothetical  ancestors  were  anamorphic  with  a  variable 
and  indefinite  number  of  trunk  segments,  each  bearing  a  pair  of 
limbs.  The  segmental  location  of  the  gonopores  probably  varied 
in  different  families  and  depended  upon  that  of  the  pair  of 
coelomoducts  involved. 

Since  the  views  thus  formulated  involve  the  derivation  of  the 
Insecta  from  the  Symphyla,  they  differ  fundamentally  from  the 
recent  theory  of  Tillyard.  According  to  this  author,  the  Insecta, 
Chilopoda  and  progoneate  Myriapoda  form  three  lines  of  descent 
from  hexapod,  nauplioid  ancestors  (Protaptera),  whose  trunk 


30  [November, 

comprised  only  four  segments.  The  orgin  of  insects  is,  there¬ 
fore,  relegated  to  an  extremely  remote  hypothetical  stage  in 
arthropod  evolution.  The  evidence  of  morphology  and  embryo¬ 
logy,  on  the  other  hand,  appears  to  indicate  that  the  derivation 
of  this  class  was  from  more  recent  and  more  highly  developed 
ancestors. 
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DEFINITIONS. 

The  following  definitions  refer  to  certain  of  the  less  familiar  words  used. 
Anamorphic  —  forming  new  body-segments  during  postembryonic  life.  Ano- 
meristic  =  with  an  indefinite  number  of  segments.  Epimorphic  =  acquiring 
the  full  number  of  body-segments  during  embryonic  life.  Homodynamous 
=  serially  homologous.  Opisthogoneate  —  with  the  gonopore(s)  situated  pos¬ 
teriorly.  Progoneate  —  with  the  gonopore(s)  situated  anteriorly.  Proto- 
morphic  =  retaining  the  primitive  number  of  body-segments,  unchanged. 
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A  NEW  SPECIES  OF  CORIXIDAE,  SIGARA 
PEARCEI  (HEMIPT.)  FROM  IRELAND; 
TOGETHER  WITH  DESCRIPTIONS  OF  ITS 
CLOSELY  RELATED  SPECIES. 

By  G.  A.  Walton. 

Among-  a  number  of  Corixidae  received  last  autumn  from  my 
friend,  the  Rev.  E.  J.  Pearce,  collected  by  him  in  Lough  Derg-, 
South  Galway,  Ireland,  was  a  series  of  Sigara  ( Arctocorixa ) 
distincta  (Fieb.).  Upon  a  closer  examination  the  writer  noticed 
that  certain  specimens  possessed  relatively  long  blunt  heads 
with  obliquely  flattened  eyes,  and  that  the  palae  (anterior  tarsi) 
were  unusually  large  and  rectangular  in  outline.  Four  males 
showing  these  characters  were  given  a  more  careful  examina¬ 
tion.  It  was  found  that  the  palae  apparently  lacked  the  usual 
rows  of  pegs  and  that  the  ‘  stridgil  ’  appeared  to  be  composed 
of  two  distinct  parts,  while  the  seventh  tergite  was  prolonged 
-centrally  as  a  long  dark  narrow  lobe. 

Specimens  were  sent  to  Mr.  W.  E.  China,  of  the  British 
Museum,  who  was  inclined  to  consider  them  to  be  Sigara 
glossata  (Lundblad,  1925).  Subsequently  Professor  O.  Lund- 
blad,  of  Stockholm,  most  kindly  loaned  his  original  microscope 
preparation  of  S.  glossata  and  stated  :  ‘  My  Sigara  glossata  is 
identical  with  Sigara  longipalis  (J.  Sahlberg,  1878),  of  which  I 
now  have  seen  the  type.  ’ 

Upon  a  critical  comparison  of  the  Irish  specimens  with  S. 
longipalis  there  could  be  no  doubt  that  they  differed  sufficiently 
to  be  separate  species,  although  nearly  related.  It  was,  there¬ 
fore,  decided  that  they  should  be  named  pearcei  after  their 
collector. 

This  species  belongs  to  a  well-defined  group  of  the  genus 
Sigara  Fabr.  (which  is  best  typified  by  S.  falleni  (Fieb.)),  the 
species  of  which  are  characterised  by  being  elongate  and 
narrow,  with  yellowish  ground-colour  of  the  pronotum  and 
hemelytra,  and  with  dark  brown  transverse  lineations  becoming 
scattered  posteriorly.  The  pronotum  bears  5-1 1  transverse 
yellow  lines,  and  the  lateral  lobes  are  long  and  linguiform  ;  the 
metasternal  xiphus  is  very  short,  the  margins  almost  straight ; 
the  upper  surface  of  the  posterior  femora  possesses  a  longi¬ 
tudinal  row  of  6-13  spines.  The  males  have  small  shallow  im¬ 
pressions  upon  the  frons  ;  large  thin  palae,  broad  in  comparison 
to  the  short  tibia,  and  with  the  rows  of  pegs  arranged  obliquely 
across  the  inner  surface ;  small  ovate  4  stridgils  ’  and  simple 
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curved  lunate  right  side  parameres.  The  left  and  right  portions 
of  the  seventh  abdominal  segment  attached  only  at  two  points. 
The  subgeneric  name  Selecorixa  is  suggested,  after  the  charac¬ 
teristic  moon-shape  of  so  many  of  their  parts. 

In  view  of  the  introduction  of  a  new  species,  the  following 
key  has  been  formulated  in  order  to  bring  together  the  major 
differences  of  the  British  species,  and  S.  longipalis  has  been 
included  for  comparison. 

Key  to  the  Species. 

A.  Pala  pegs  in  a  single  row;  very  rarely  more  than  6  distinct 

pale  lines  on  the  pronotum. 

1.  Intermediate  claws  longer  than  the  tarsus;  pala  com¬ 

paratively  small,  with  a  single  undulating  longitudinal 
row  of  pegs  ;  frontal  impression  short,  reaching  lower 
level  of  eyes.  Head  prominent.  Length  4*5-6-25  mm. 
.  Sigara  scotti  (Douglas  &  Scott,  1868). 

2.  Intermediate  claws  equal  to,  or  shorter  than,  the 

tarsus ;  pala  larger,  the  row  of  pegs  straight  and 
oblique ;  frontal  impression  reaching  beyond  the  lower 
level  of  the  eyes.  Head  not  prominent.  Length 
5-6*75  mm . . . .  S.  fossarum  (Leach,  1818). 

B.  Pala  pegs  in  two  rows;  very  rarely  less  than  7  pale  lines  on 

the  pronotum,  not  more  than  10. 

1.  Length  of  intermediate  tarsus  about  87  per  cent,  of  the 

claws,  which  are  41  per  cent,  of  the  femur ;  pronotum 
usually  with  obtusely  rounded  lateral  angles  ;  pala  semi¬ 
circular  with  two  almost  equal  remote  rows  of  pegs  ; 
frontal  impression  reaching  beyond  lower  level  of  eyes  ; 
‘  stridgil  ’  with  6-7  combs ;  medium  lobe  of  seventh 
tergite  broad  and  short ;  upper  surface  of  posterior 

femora  with  7-10  spines.  Length  6-9  mm . 

.  S.  distincta  (Fieb.,  1848). 

2.  Length  of  intermediate  tarsus  about  82  per  cent,  of 

claws,  which  are  39  per  cent,  of  the  femur  ;  pronotum 
usually  with  acutely  pointed  lateral  angles  ;  pala  tri¬ 
angular,  widest  at  base,  a  long  oblique  row  of  pegs, 
and  a  small  outer  one ;  frontal  impression  reaching 
only  to  lower  level  of  eyes ;  ‘  stridgil  ’  with  only  3 
combs ;  median  lobe  of  seventh  tergite  linguiform,  rela¬ 
tively  short ;  upper  surface  of  posterior  femora  with  7-12 
spines.  Length  6-8  mm .  S.  falleni  (Fieb.,  1848). 

3.  Length  of  intermediate  tarsus  about  72  per  cent,  of 

claws,  which  are  46  per  cent,  of  the  femur ;  lateral 
angles  of  pronotum  90° ;  pala  narrow,  three  times  as 
long  as  broad,  with  a  group  of  6  large  pegs  on  middle 
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upper  edge,  and  a  row  of  9-14  minute  rudimentary 
ones  ;  frontal  impression  small,  very  shallow  ;  4  stridgil  ’ 
simply  set  with  4  combs ;  median  lobe  of  seventh  ter- 
gite  very  long,  narrow,  inclining  leftwards ;  upper 
surface  of  posterior  femora  with  6-8  short  spines. 
Length  6-8  mm.  ......  S.  longipalis  (J.  Sahlberg,  1878). 

4.  Length  of  intermediate  tarsus  85  per  cent,  of  claws, 
which  are  -only  34  per  cent,  of  femur  ;  pronotum  as  in 
No.  3,  pala  very  large,  rectangular  and  twice  as  long 
as  broad,  with  a  row  of  4-5  large  pegs  near  upper 
edge  and  a  row  of  16-20  rudimentary  ones ;  frontal 
impression  very  shallow,  fading  out  at  lower  level  of 
eyes  ;  6  stridgil  ’  as  above,  set  on  a  small  dark  curled-up 
scroll-like  piece  of  chi  tin  ;  median  lobe  as  above  ;  upper 
surface  of  posterior  femora  with  9-13  spines.  Length 
7mm.  . . .  S.  pearcei  n.sp. 


Variation. 

,  Before  giving  detailed  descriptions  of  the  species  of  Section 
B,*  the  variation  and  relative  value  of  the  taxonomical  charac¬ 
ters  will  be  discussed.  In  the  first  place  the  character  of  colora¬ 
tion,  to  which  so  much  importance  has  been  attached,  cannot 
be  relied  upon.  If  a  long  enough  series  of  the  majority  of 
species  is  examined,  specimens  varying  from  very  pale  to  very 
dark  will  be  found  (albino  to  melanic  in  S.  fabricii  (Fieb.)).  The 
variations  are  mainly  due  to  the  relative  width  of  the  pale  and 
dark  lineations  and  to  a  less  extent  to  a  staining  of  the  pale 
intervals  between  the  dark  lines,  as  is  frequently  seen  in  speci¬ 
mens  from  peat  bogs.  Upon  the  pronotum  these  lines  are  of 
some  value,  as  their  number  is  fairly  constant,  more  especially 
in  species  possessing  a  small  number.  The  lateral  angles  of  the 
pronotum  will  serve  to  identify  S.  distinct  a  and  S.  falieni  at 
sight  in  the  majority  of  cases,  but  there  exists  an  almost  com¬ 
plete  gradation  in  the  form  of  this  part  in  the  two  species. 
The  lateral  lobes  of  the  prothorax  are  important  in  distin¬ 
guishing  between  groups,  but  have  little  specific  value  in  our 
British  species. 

One  of  the  most  important  characters  is  the  length  of  the 
median  claws,  the  tarsus  being  expressed  as  a  percentage  of 
them.  In  the  group  dealt  with  here  this  ratio  has  a  total  (per¬ 
centage)  variation  of  about  15  per  cent.  It  might  be  stated  that 
the  length  of  these  claws  is  in  direct  proportion  to  the  con¬ 
sistency  of  the  substance  to  which  the  species  is  accustomed  to 
anchor  itself.  For  example,  Si  gar  a  scotti  (B1.  and  S.)  and  S. 
castania  (Thomson),  both  partial  to  peat  habitats,  have  claws 

*  The  species  of  Section  A  can  be  readily  separated  by  the  simple  char¬ 
acters  given. 


36 


[November, 


longer  than  the  tarsus,  whilst  S.  f os s arum  (Leach)  and  S.  moesta 
(Fieb.),  found  in  habitats  with  a  firmer  or  more  weedy  bottom, 
have  shorter  claws,  or  claws  equal  in  length  to  the  tarsus. 

The  claws  are  not  the  only  portion  of  the  leg  to  be  affected 
in  this  way,  since  the  length  of  the  tarsi,  tibiae  and  femora  are 
modified  by  the  nature  of  the  insect’s  environment,  although  to 
a  lesser  degree.  It  is,  therefore,  far  more  concise  to  state  the 
length  of  the  variable  claws  as  a  percentage  of  the  much  less 
variable  femora,  and  this  is  clearly  illustrated  by  the  four  species 
discussed  in  this  paper. 

The  pala  is  one  of  the  most  important  characters,  but  that  it 
also  is  variable  will  be  clearly  indicated  in  the  description  of 
S.  falleni.  In  any  row  of  pegs,  the  variation  in  number  is 
roughly  one-third  of  the  highest  number  found,  this  only  apply¬ 
ing  to  the  group  treated  here.  The  same  statement  is  true  of 
the  row  of  spines  on  the  upper  surface  of  the  posterior  femora. 
The  arrangement  and  number  of  these  spines ‘has  considerable 
specific  and  generic  significance. 

The  antenna  of  Corixa  is  rudimentary,  and  it  is  only  to  be 
expected  that  a  rudimentary  organ  of  a  variable  animal  will 
vary  to  the  extent  indicated  in  the  descriptions ;  it  is  valueless 
for  identifying  related  species. 

The  remaining  characters,  namely  the  sixth,  seventh  and 
ninth  (genital  capsule)  male  abdominal  segments,  especially  the 
‘  stridgil,’  and  the  right  and  left  parameres  are  rather  more 
constant. 

Descriptions  of  Species  in  Section  B  of  the  Key 
(see  p.  ). 

SlGARA  DISTINCTA  (Fieb.,  1 848). 

Fieber,  F.  X.,  1848,  Bull.  Soc.  Imp.  Nat.  Moscou,  21  (1):  524. 

Corisa  undulata  and  vernicosa  Wallengren,  1855. 

Corixa  Douglasi  Douglas  and  Scott,  1865. 

Corisa  Gebleri  Sahlberg,  1868. 

Total  length  6-9  mm, ,  average  about  7  mm.,  females  the 
larger. 

Shape  elongate-elliptical,  posteriorly  slightly  attenuated  and 
relatively  slender.  In  the  typical  specimen  the  ground  colour 
of  the  pronotum  and  hemelytra  pale  brownish-yellow  with  the 
markings  black.  The  head  yellow  with  the  eyes  dark  red  ;  its 
length,  when  viewed  from  above,  }  the  breadth  and  -J  of  the 
length  of  the  rastrated  pronotum.  The  length  of  the  latter  j  of 
the  breadth,  the  lateral  angles  obtuse,  upon  the  disc  6-8  fairly 
regular  transverse  pale  lines  slightly  thinner  than  the  black 
ones.  The  lateral  lobes  of  the  prothorax  linguiform,  their  lower 
edge  and  apex  gently  rounded,  the  upper  a  little  straighter  and 
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then  curving  round  at  a  right  angle  to  the  pronotum.  The  dark 
transverse  lines  on  the  distinctly  rastrate  clavus  are  in  the  basal 
half  clear,  straight,  and  only  at  the  inner  edge  at  all  thinner 
than  the  pale  ones  ;  distally  these  lines  become  more  broken  and 
scattered.  The  somewhat  broken  transverse  vermiform  dark 
lines  on  the  distinctly  rastrate  and  sparsely  pubescent  corium 
traversed  by  a  dark,  somewhat  interrupted  longitudinal  con¬ 
centration  line  around  the  inner  angle  and  along  the  costal 
border.  The  smooth  shining  membrane  covered  with  scattered 
black  vermiculations  radially  arranged  around  the  edges.  Legs 
pale.  The  segments  of  the  median  legs  show  the  following 
approximate  ratios  of  length  :  — femora:  tibiae  :  tarsi  :  claws  :: 
ioo:  50  :  37  :  41.  The  posterior  legs  show  the  following  ratios: — 
femora  :  tibiae  :  tarsus  1  :  tarsus  2  : :  83  :  80  :  100  :  45.  The  upper 
surface  of  the  posterior  femora  with  7-10  short  spines  arranged 
in  a  longitudinal  row.  Metasternal  xiphus  short  with  slightly 
convex  lateral  margins. 


Specialisations  of  the  Male. 

Head  only  slightly  longer  than  in  the  female,  the  frons  with 
a  very  shallow  but  distinct  impression  bounded  by  an  arch 
which  reaches  just  beyond  the  lower  level  of  the  eyes.  Pala 
roughly  semicircular  in  outline,  slightly  concave,  thin,  and  as 
long  as  the  anterior  femur ;  2\  times  as  long  as  broad  ;  outer 
edge  curved  with  6^-8  long  hairs  on  the  border  of  the  distal  half ; 
inner  edge  nearly  straight  with  a  row  of  about  22  long  stout 
hairs,  and  an  inner  row  of  about  30  setae.  There  are  two  rows 
of  pegs  both  about  equal  in  length  :  a  straight  row  composed 
of  15-22  large  conical  pegs  subparallel  to  the  proximal  third  of 
the  inner  margin,  and  a  curved  row  composed  of  1 1-15  longer 
conical  pegs  nearly  parallel  to  the  distal  third  of  the  outer  edge, 
the  last  pegs  nearly  touching  it.  In  some  specimens  there  is  a 
single  isolated  peg  midway  between  the  two  rows.  In  the  middle 
line  of  the  pala  and  above  the  basal  row  are  2-3  long  hairs. 
Anterior  femora  more  than  twice  as  long  as  broad,  with  a  large 
area  of  thick  short  hairs  on  the  anterior  surface  and  a  curved 
longitudinal  row  of  about  15  spines  of  various  lengths.  Tibiae 
twice  as  long  as  broad,  and  about  as  long  as  the  width  of  the 
pala,  three-edged  and  having  a  small  bundle  of  spines  on  the 
upper  side  near  the  pala.  Underside  black  in  parts.  Sixth  ter- 
gite  as  backwardly  curved  and  pointed  on  the  right  side  as  on 
the  left ;  the  posterior  edge  in  the  left  half  transversely  straight, 
then  notched,  the  small  ‘  stridgil  ’  situated  on  its  right-hand 
corner ;  ‘  stridgil  ’  nearly  round  and  composed  of  6-7  combs, 
the  last  two  on  the  right  side  sometimes  fragmentary.  Seventh 
tergite  produced  in  the  middle  as  a  broad  short  lobe  inclining  a 
little  to  the  right.  Genital  capsule  rather  small ;  the  right  para- 
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mere  (clasper)  at  first  dilating-  broadly,  the  upper  edge  being 
markedly  convex,  then  converging  rather  narrowly,  bending 
slightly  downwards,  again  dilating  a  little  and  ending  bluntly 
with  a  small  terminal  projection.  Left  paramere  (forming  part 
of  outer  sheath)  with  the  lower  edge  nearly  straight ;  the  upper 
rises  abruptly,  turns  at  a  right  angle  parallel  to  the  lower  edge, 
then  drops  to  form  with  the  lower  edge  a  blunt  projection  ;  on 
the  upper  distal  portion  an  area  of  relatively  large,  blunt, 
backwardly  directed  pegs. 

Variation i. 

In  addition  to  the  considerable  variation  in  size  and  colour 
an  appreciable  variation  in  the  shape  of  all  the  various  parts  is 
evident.  This  is  clearly  shown  by  the  measurements  of  ten 
specimens  selected  at  random  from  the  writer’s  collection  and 
recorded  in  Table  1. 

Habitat. 

This  insect  is  primarily  a  lake  species,  occurring  particularly 
in  lakes  with  a  peaty  margin ;  in  such  a  habitat  it  frequently 
occurs  in  great  numbers.  It  does,  however,  occur  to  a  less 
extent  in  ponds,  ditches,  canals  and  sometimes  in  rivers  and 
streams. 

SlGARA  FALLENI  (Fieb.,  1 848). 

Fieber,  F.  X.,  1848,  Bull.  Soc.  Imp.  Nat.  Moskou,  21  (1):  524. 

Total  length  6-5-8  mm.  Form  elongate-elliptical,  posteriorly 
slightly  attenuated  and  relatively  slender.  In  the  typical  speci¬ 
men  the  ground-colour  of  the  pronotum  and  the  hemelytra  is 
pale  yellow  with  the  markings  black.  Head  yellow  with  the 
eyes  dark  red ;  its  length,  when  viewed  from  above,  ^  the 
breadth  and  the  length  of  the  rastrated  pronotum.  Pronotum 
-f  as  long  as  broad,  the  lateral  angles  acute  and  pointed  ;  upon 
the  disc  7-9  but  little  furcated  regular  transverse  pale  lines  about 
as  wide  as  the  black  ones.  Lateral  lobes  of  the  prothorax  lingui- 
form,  the  lower  edge  gently  rounded  and  the  apex  slightly 
obliquely  flattened,  the  upper  edge  a  little  straighter  and  turn¬ 
ing  at  right  angles  in  a  gentle  curve  to  the  pronotum.  The  dark 
transverse  lines  on  the  distinctly  rastrate  clavus  are  in  the  basal 
half  clear,  straight  and,  around  the  inner  angle,  becoming  much 
thinner  than  the  pale  ones  ;  whilst  distally  these  lines  become 
more  broken  and  scattered.  The  somewhat  broken  transverse 
vermiform  dark  lines  on  the  distinctly  rastrate  and  sparsely 
pubescent  corium  traversed  by  a  dark  but  little  interrupted 
longitudinal  concentration  line  which  follows  the  inner  angle 
and  along  the  costal  border.  The  smooth  shining  membrane 
covered  with  a  number  of  slender  hairs  and  black  vermiculations 
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Variation  in  Sigara  distincta  (Fieb.)- 
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radially  arranged  around  the  edges.  Legs  pale.  The  segments 
of  the  median  legs  show  the  following  approximate  ratios  of 
their  lengths  : — femora  :  tibiae  :  tarsi :  claws  :  :  ioo  :  44  :  30  :  39. 
The  posterior  legs  show  the  following  approximate  ratios  : — 
femora :  tibiae :  tarsus  1  :  tarsus  2  :  :  88  :  82  :  100  :  43.  Upper  sur¬ 
face  of  the  posterior  femora  with  a  longitudinal  row  of  7-12 
short  spines.  Metasternal  xiphus  short,  with  slightly  convex 
lateral  margins. 

Specialisations  of  the  Male. 

Vertex  of  the  head  frequently  slightly  arcuate,  the  frons  with 
a  clear  but  shallow  impression,  which  reaches  only  to  the  lower 
level  of  the  eyes,  where  it  is  truncated.  Pala  large  and  thin  ;  § 
as  broad  as  long  and  1^  times  longer  than  the  anterior  femora ; 
roughly  triangular  in  outline  and  broadest  at  the  base ;  outer 
edge  arising  in  a  conspicuous  slightly  backward,  upward  and 
then  forward  curve,  and  then  running  parallel  to  the  proximal 
third  of  the  lower  edge,  curving  gently  downwards  to  meet  the 
almost  straight,  upward  sloping  glabrous  distal  two-thirds  of 
the  lower  edge  in  a  sharp  point  to  which  is  attached  the  fairly 
long  straight  claw.  Along  the  border  of  the  distal  half  of  the 
outer  edge  5-6  long  slender  hairs,  and  along  the  distal  two- 
thirds  of  the  inner  edge  about  22  long  stout  hairs  with  an  inner 
row  of  about  40  setae.  There  are  two  rows  of  pegs  :  a  small 
row  of  4-7  pegs  near  to  and  in  the  middle  of  the  outer  edge, 
and  a  long  nearly  straight  row  composed  of  21-31  pegs  lying 
obliquely  across  the  pala  from  the  inner  proximal  corner  towards 
the  small  row.  Specimens  frequently  occur  which  display  a  single 
isolated  peg  between  the  two  rows.  Dr.  Taduesz  Jaczewski 
(1924)  describes  and  figures  an  aberrent  form  of  the  pala  as 
follows  :  ‘  Their  pala  is  in  outline  trapezoidal,  the  outer  edge 
being  less  softly  prominent  and  rounded  at  the  base,  and  then 
forming  near  the  apical  row  of  stridulatory  teeth  a  blunt  but 
very  distinct  angle.  The  pala  of  the  two  above  types  differ  also 
considerably  in  the  disposition  of  the  rows  of  stridulatory  teeth. 
In  the  first  case,  the  prolongation  of  a  straight  line  drawn  from 
the  first  to  the  last  tooth  of  the  basal  row  meets  the  apical  one  ,* 
in  the  second,  on  the  contrary,  it  cuts  the  outer  margin  of  the 
pala  distally  from  the  apical  row  of  teeth.  The  number  of 
stridulatory  teeth  does  not  show  any  difference  in  the  two  types.’ 
Again,  ‘  There  exists  also  between  them,  as  I  was  able  to  find, 
intermediate  linking  specimens.’  Anterior  femora  twice  as  long 
as  broad,  with  a  large  area  of  short  thickened  hairs  on  the 
anterior  surface  and  an  oblique,  rather  scattered  row  of  about 
20  spines  of  varying  sizes.  Tibiae  f  as  broad  as  long  and  only 
f  as  wide  as  the  pala,  three-edged,  curved  and  slightly  wider 
apically  than  basally,  with  a  small  bundle  of  spines  on  the  upper 
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side  next  to  the  pala.  Sixth  tergite  normally  backwardly  pointed 
on  the  left,  but  narrow  and  truncated  on  the  right  side  ;  the 
posterior  edge  transversely  sinuated  with,  on  the  right  side,  a 
broad,  short,  triangular  projection,  the  left  side  of  which  has 
an  auxiliary  plate  folded  beneath  it.  At  the  apex  of  the  tri¬ 
angular  portion  is  situated  the  very  small  ‘  stridgil,’  which  con¬ 
sists  of  three  short  longitudinal  combs.  Seventh  tergite  pro¬ 
duced  in  the  middle  as  a  short  tongue-shaped  lobe,  straight  on 
the  left,  curved  on  the  right  with  a  fringe  of  long  hairs.  Under¬ 
side  is  black  in  parts.  Genital  capsule  rather  small ;  the  right 
paramere  or  clasper  broadly  sickle-shaped,  dilating  gently  and 
tapering  gradually  to  a  simple  point ;  the  left  paramere  (forming 
part  of  outer  sheath)  rather  similarly  shaped,  the  upper  edge 
rising  steeply,  curving  round  at  right  angles  and  then  curving 
smoothly  down  to  a  simple  point,  lower  edge  straighter  but 
sinuate ;  near  the  apex  of  the  upper  edge  an  area  of  small,  back¬ 
wardly  directed  spines. 

Variation. 

The  size  and  colour  of  this  species  is  not  so  variable  as  in 
51.  distinct  a ;  it  is,  however,  rather  more  variable  in  the  shape 
of  some  of  its  parts,  for  instance,  in  the  pala  and  the  vertex  of 
the  head.  Table  II  shows  the  variation  of  10  specimens  selected 
at  random  from  the  writer’s  collection. 

Habitat. 

This  insect  is  essentially  an  inhabitant  of  running  waters 
and  occurs  in  immense  numbers  in  certain  weedy  lowland  rivers, 
frequently  in  company  with  Sigara  striata  L.  ;  but  is  by  no 
means  confined  to  this  type  of  habitat  and  occurs  also  to  a  lesser 
extent  in  ditches,  lakes,  canals  and  ponds. 

Sigara  longipalis  (J.  Sahib.,  1878). 

Corisa  longipalis  J.  Sahlberg,  1878,  Kongl.  Svenska  Vet.-Akad. 

Handl.,  16(4):  38-39, 

Arctocorisa  glossata  O.  Lundblad,  1925. 

Total  length  6-8 mm.  Shape  elongate-elliptical  and  relatively 
slender.  Ground-colour  of  pronotum  and  hemelytra  pale  yellow, 
markings  brown.  Head  yellow,  with  dark  red  eyes  ;  its  length, 
when  viewed  from  above,  |  the  breadth  and  §  of  the  length  of 
the  rastrated  pronotum.  Pronotum  f  as  long  as  broad,  the 
lateral  angles  being  90°,  upon  the  disc  8-1 1  fairly  regular  pale 
lines  as  wide  as,  or  wider  than,  the  dark  intervals.  Lateral 
lobes  of  prothorax  linguiform,  the  lower  edge  slightly  curved, 
the  apex  almost  truncated,  and  the  upper  edge  almost  straight 
and  then  turning  at  right  angles  in  a  gentle  curve  to  the 


TABLE  II. 

Variation  in  Sigara  jalleni  (Fieb.). 
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pronotum.  The  dark  transverse  lines  on  the  distinctly  rastrate 
clavus  are  in  the  proximal  corner  clear,  straight  and  as  wide  as 
the  yellow  ones,  dis  tally  becoming  progressively  more  uneven 
and  wider,  and  in  the  distal  corner  fragmentary.  The  dark 
transverse  vermiform  lines  on  the  distinctly  rastrate  and  prac¬ 
tically  non-pubescent  corium  are,  especially  in  the  distal  half, 
ragged  and  frequently  confluent,  and  are  traversed  by  a  longi¬ 
tudinal  concentration  line  around  the  inner  angle  and  along  the 
proximal  half  of  the  costal  border.  The  smooth  finely  pubescent 
membrane  covered  with  short  ragged  zig-zag  black  lines, 
radially  arranged  around  the  edges.  Underside  and  legs  pale. 
Intermediate  claws  long,  longer  than  the  tarsus,  the  slender 
segments  showing  the  following  ratios  of  their  lengths:- — 
femora  :  tibiae  :  tarsi  :  claws  :  :  100  :  48  :  34  :  46*5.  The  posterior 
legs  show  the  following  ratios  :  ■ — •  femora  :  tibiae  :  tarsus  1  : 
tarsus  2  : :  92  :  84*5  :  100 :  44.  Upper  surface  of  the  posterior 
femora  with  a  longitudinal  row  of  6-8  short  spines.  Metasternal 
xiphus  short,  with  straight  lateral  margins. 

Specialisations  of  the  Male. 

Frons  with  a  shallow,  scarcely  noticeable  frontal  impression, 
which  extends  a  little  beyond  the  lower  level  of  the  eyes.  Pala 
very  long  and  thin,  three  times  as  long  as  the  greatest  breadth 
and  1 J  times  longer  than  the  anterior  femur ;  outer  edge  arising 
from  its  point  of  attachment  to  the  tibia  in  a  markedly  back¬ 
ward,  upward  and  then  forward  curve,  becoming  straight  for  J 
of  its  length  and  parallel  to  the  straight  proximal  ^  of  the  lower 
edge,  and  finally  dipping  gently  downward  and  forming  a  point 
with  the  slightly  concave  and  upwardly  rising  glabrous  distal 
§  of  the  lower  edge ;  at  the  apex  a  short  slender  claw ;  along 
the  border  of  the  distal  two-thirds  of  the  outer  edge  a  row  of  9 
long  slender  hairs  and  along  the  distal  two-thirds  of  the  inner 
edge  a  row  of  about  22  long,  but  stouter  hairs,  and  as  usual  an 
inner  row  of  40  setae  (in  the  distal  half  of  the  row,  however, 
they  are  arranged  three  deep  and  therefore  altogether  number 
about  80) ;  in  the  middle  of  the  basal  third  a  single  slender  hair  ; 
the  outer  row  of  pegs  here  represented  by  5-6  large  pegs  of 
rather  variable  sizes,  arranged  in  a  V  with  the  point  directed 
basally,  and  situated  near  the  middle  of  the  outer  edge ;  imme¬ 
diately  beneath  this  group  a  very  small  peg  which  is  the  apical 
member  of  an  oblique  row  of  9-16  minute  rudimentary  thorn¬ 
like  pegs  which  are  only  visible  on  a  cleared  pala.  Anterior 
femora  twice  as  long  as  broad  and  markedly  convex  in  the 
middle  of  the  inner  edge ;  upon  the  upper  surface  an  area  of 
short  thickened  hairs,  and  a  short  row  of  11  spines.  Anterior 
tibia  f  as  broad  as  long  and  f  as  wide  as  the  pala,  three-edged, 
curved  and  slightly  wider  at  the  apex  than  at  the  base,  with 
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about  4  spines  on  the  upper  side  near  the  distal  edge.  Sixth 
tergite  normally  shaped  on  the  left  side,  the  posterior  edge 
transversely  straight  for  §  the  width,  and  then  marked  by  a 
broad  V-shaped  notch,  bounded  on  the  right  by  a  broad  and 
shortly  triangular  projection,  the  left  side  of  which  has  a  rect¬ 
angular  auxiliary  plate  folded  back  beneath  it ;  at  the  apex  is 
attached  the  small  ‘  stridgil  ’  which  is  composed  of  4  short 
combs ;  the  right  side  is  conspicuously  broadly  truncated  ;  the 
median  ventral  suture  markedly  oblique.  Seventh  tergite  pro¬ 
duced  in  the  middle  as  a  very  long  flat  linguiform  process  which 
curves  a  little  to  the  left,  the  right  side  thickly  fringed  with 
hairs.  Underside  brown  in  parts.  Right  paramere  similar  to  that 
of  S.  falleni  or  S.  pearcei ;  left  paramere  rather  variable,  for 
while  that  of  the  Swedish  specimen  is  very  broad  at  the  base 
and  has  a  small  hump  at  the  apex  upon  which  the  spines  are 
radially  set,  that  of  the  Russian  specimen  is  indistinguishable 
from  the  corresponding  part  of  S.  pearcei,  S .  falleni,  S.  foss- 
arum  or  S',  scotti . 

Habitat. 

This  species  occurs  in  N.W.  Siberia,  but  is  also  recorded 
from  Poland  and  a  small  forest  pool  in  Sweden.  It  is  rather  un¬ 
likely  to  occur  in  the  British  Isles,  but  a  careful  watch  should  be 
kept  for  it  or  another  species  of  the  same  type. 

SlGARA  PEARCEI  II. Sp. 

Total  length  7  mm.  Form  elongate-elliptical,  posteriorly 
slightly  attenuated  and  relatively  slender,  but  stouter  than  S. 
longipalis .  Ground-colour  of  pronotum  and  hemelytra  yellow, 
the  markings  black.  Head  pale  with  the  eyes  dark  red  ;  length, 
when  viewed  from  above,  f  the  breadth  and  f  as  long  as  the 
rastrated  pronotum.  Pronotum  f  as  long  as  broad,  the  lateral 
angles  being  go°  and  not  rounded  ;  upon  the  disc  7-8  but  little 
furcated  regular  transverse  yellow  lines  wider  than  the  black 
intervals  between  them.  Lateral  lobes  of  prothorax  linguiform, 
the  lower  edge  being  nearly  straight,  with  the  apex  obliquely 
flattened,  the  upper  edge  at  first  straight  before  turning  at  right 
angles  and  continuing  almost  straight  to  the  lateral  angles  of 
the  pronotum.  The  dark  transverse  lines  on  the  rastrate  clavus 
are  on  the  basal  third  clear  and  straight,  the  next  few  are 
joined  by  a  small  number  of  little  oblique  lines,  whilst  on  the 
distal  third  the  lines  are  more  fragmentary.  The  dark  trans¬ 
verse  vermiform  lines  on  the  rastrate  corium  are,  especially  on 
the  distal  portion,  ragged  and  scattered,  whilst  it  is  also  clothed 
with  a  number  of  long  slender  hairs.  The  smooth  shining  mem¬ 
brane  covered  with  very  pronounced  vermiculations  and  a 
number  of  slender  hairs.  Underside  and  legs  pale.  Intermediate 
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claws  relatively  short,  the  rather  stout  segments  showing  the 
following  ratios  for  their  lengths: — femora  :  tibiae  :  tarsi  : 
claws  ::  ioo:  48  :  29-5  :  34.  The  posterior  legs  show  the  follow¬ 
ing  ratios: — femora  :  tibiae  :  tarsus  1  :  tarsus  2  : :  80  :  76  :  100  :  40. 
Upper  surface  of  the  posterior  femora  with  a  longitudinal  row 
of  9-13  spines,  underside  with  5-6.  Metasternal  xiphus  short, 
with  very  slightly  convex  lateral  margins. 

Specialisations  of  the  Male. 

Head  relatively  long  and  the  vertex  somewhat  flattened,  the 
eyes  also  slightly  obliquely  flattened ;  breadth,  when  viewed 
from  above,  2^  times  its  length ;  frons  with  a  very  shallow 
rectangular  impression  which  disappears  at  the  lower  level  of 
the  eyes. 

Pala  very  large,  thin  and  flat,  twice  as  long  as  broad  and 
almost  rectangular  in  outline,  1^  times  longer  than  the  anterior 
femora ;  upper  edge  arising  vertically  and  turning  at  right 
angles  in  a  gentle  curve,  then  becoming  straight  for  about  •§■ 
its  length,  after  which  it  curves  down  quite  steeply  to  the  apex  ; 
proximal  third  of  the  inner  edge  straight,  running  downward  in 
relation  to  the  upper  edge ;  glabrus  distal  two-thirds  practically 
straight,  and  parallel  to  the  straight  portion  of  the  upper  edge, 
with  a  row  of  about  22  long  stout  hairs,  thick  at  the  base,  and 
an  inner  row  of  about  40  setae,  at  the  apex  a  short  straight 
claw ;  along  the  distal  half  of  the  outer  edge  g  long  hairs,  also 
1-2  on  the  upper  surface  in  the  middle  of  the  basal  half;  half¬ 
way  along  the  outer  edge  a  longitudinal  group  of  4-5  large  pegs, 
and  arranged  along  the  pala  (and  about  }  of  the  width  of  the 
pala  from  the  inner  edge)  a  row  of  16-20  minute  rudimentary 
pegs  only  visible  on  a  cleared  pala.  Anterior  femora  twice  as 
long  as  broad  with  straight  sides ;  upon  the  basal  portion  of  the 
inner  side  a  small  area  of  short  thickened  hairs  and  a  long 
oblique  row  of  13-15  spines.  Anterior  tibiae  f  as  broad  as  long, 
and  §  as  wide  as  the  pala ;  partly  three-edged ;  curved  and  twice 
as  wide  at  the  apex  as  at  the  base  ;  a  small  group  of  spines  on 
the  upper  edge  close  to  the  pala.  Sixth  tergite  normally  shaped 
on  the  left  side  ;  the  posterior  edge  transversely  straight  for  § 
the  width,  and  then  marked  by  a  shallow,  broad  V-shaped  notch, 
bounded  on  the  right  by  a  broad  and  short  triangular  projection, 
the  left  side  of  which  has  a  rectangular  auxiliary  plate  folded 
back  beneath  it;  at  the  apex  is  attached  the  small  ‘  stridgil,’ 
composed  of  4  short  combs,  and  actually  mounted  on  the  left 
side  of  a  dark  curled,  scroll-like  corner  of  the  rectangular  folded 
plate ;  the  right  side  of  the  tergite  broadly  oval  with  a  small 
projection  in  the  middle  ;  median  ventral  suture  nearly  vertical. 
Seventh  tergite  produced  in  the  middle  as  a  very  long  flat 
linguiform  process,  which  curves  a  little  to  the  left  and  has  the 
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right  side  thickly  fringed  with  hairs  ;  the  right  side  of  the  ter- 
gite  more  angulate  than  that  of  S.  longipalis  ;  underside  black 
in  parts.  Right  paramere  or  clasper  broadly  sickle-shaped, 
dilating  gently,  and  tapering  gradually  to  a  simple  point.  Left 
paramere  from  the  articulating  process  broadening  rather 
widely,  the  upper  edge  curving  round,  the  lower  complicated 
and  somewhat  convoluted ;  tapering  to  a  simple  point ;  the 
anterior  folded  portion  armed  with  numerous  backwardly 
directed  spines,  and  thus  resembling  that  found  in  51.  f attend, 
longipalis ,  fossarum  and  scotti. 

A  type  microscope  slide  is  deposited  in  the  British  Museum. 

Habitat. 

Four  males  of  this  species  were  captured  on  August  2nd, 
1935,  ar,d  30  males  on  July  29th,  1936,  at  the  edge  of  Lough 
Derg  in  the  vicinity  of  Portumna,  South  Galway,  Ireland,  where 
the  flora  included  the  interesting  Inula  salicina,  Utricularia, 
Potomogeton  and  Chara.  The  fauna  included  Sigara  striata  (L.), 
nigrolineata  (Fieb.)  ( fabricii  (Fieb.)),  semistriata  (Fieb.),  Sele- 
corixa  fossarum  (Leach)  and  distincta  (Fieb.),  Callicorixa 
praeusta  (Fieb.),  Arctocorixa  germaria  (Fieb.),  Corixa  macro- 
cephala  (Fieb.)  ( panzeri  (Fieb.)),  Cymatia  bonsdorffi  (Sahib.), 
strikingly  marked  specimens  of  Notonecta  glauca  L.  and  an 
unusual  form  of  the  water-beetle  Haliplus  obliquus  F.  described 
by  the  Rev.  E.  J.  Pearce  (1936,  Ent.  Mon.  Mag.,  72:  45).  Sigara 
(Selecorixa)  pearcei  was  also  taken  by  the  same  collector  on 
July  29th,  1936,  in  the  same  lake  near  Garrigahorig,  North 
Tipperary. 
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PLATE  I. 


G.  A.  Walton  del. 

SIGARA  DISTINCT  A  (Fieb.),  S- 


Fig.  i. — Pala  comparative  size  indicated  by  Fig.  3,  Plate  III. 

,,  2. — Head  and  pronotum  X  15. 

,,  3. — Terminal  abdominal  segments. 

,,  4. — ‘Stridgil.’  Highly  magnified. 

,,  5. — Anterior  leg. 

,,  6. — Left  paramere.  Highly  magnified. 

,,  7. — Right  paramere.  Highly  magnified. 

,,  8. — Variation  of  the  pala;  upper  from  Cumberland,  lower  from  Kerry, 

Ireland. 

N.B. — All  corresponding  parts  in  all  plates  are  to  the  same  scale  with 
the  exception  of  the  abdominal  segments  of  S.  longipalis  and  S.  pearcei, 
which  are  on  a  slightly  larger  scale. 


PLATE  II. 


G.  A.  Walton  del. 


SIGARA  FALLEN  I  (Fieb.), 

Fig.  i. — Pala.  i  (a)  Pala  of  aberration,  after  Jaczewski. 
,,  2. — Head  and  pronotum  of  a  typical  $  specimen. 

,,  3. — Terminal  abdominal  segments. 

,,  4.- — ‘  Stridgil.’ 

,,  5. — Anterior  leg. 

,,  6. — Left  paramere. 

7. — Right  paramere. 


« 


. 
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PLATE  III. 


SIGARA  LONGIPALIS  (J.  Sahib.),  tf. 

Fig.  i. — Pala  (compare  with  that  of  S.  pearcei). 

,,  2. — Terminal  abdominal  segments,  6th  and  7th  (note  the  size  and 

position  of  the  ‘  stridgil  ’). 

3. — Head,  pronotum  and  apex  of  front  leg  x  15. 

,,  4— ‘  Stridgil.’ 

,,  5. — Claws  of  the  intermediate  legs. 

,,  6. — Left  paramere. 

,,  7. — Right  paramere. 

,,  8. — Anterior  leg. 

..  o. — -Lateral  lobe  of  the  prothorax. 


PLATE  IV. 


G.  A.  Walton  del. 


SIGARA  PEARCEI  n.sp.,  S . 

Fig.  i. — Pala. 

,,  2. — Head,  pronotum  and  pala. 

,,  3. — 6th  and  7th  male  abdominal  segments  (cf.  5.  longipalis). 

,,  4- — ‘  Stridgil.  ’ 

,,  5. — Anterior  leg. 

,,  6. — Left  paramere  ( cf .  S.  longipalis  and  falleni ). 

,,  7. — Right  paramere. 

, ,  8. — Claws  of  the  intermediate  leg  (cf.  S.  longipalis). 
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OPPOSITION  IN  THE  BRITISH  SPECIES  OF 
NOTONECTA  (HEMIPT.). 

By  G.  A.  Walton. 

This  paper  records  observations  made  by  the  writer  since 
19 33  upon  the  four  species  of  Notonecta  occurring-  in  Britain, 
namely,  Notonecta  maculata  'Fabricius,  1794,  N.  viridis  Del- 
court,  1909  (  =  N.  halophila  Edwards,  1918),  N.  obliqua  Gallen, 
1787  (  =  JV.  furcata  Fabricius,  1794),  and  N.  glauca  Linne,  1758. 
These  observations  are  together  dealt  with  under  the  following 
headings: — (1)  The  Ovipositor;  (2)  The  Egg;  (3)  The  Act  of 
Oviposition,  and  data  on  Egg-laying  ;  (4)  Summary. 

(1)  The;  Ovipositor. 

All  the  European  N otonecta  belong  to  the  subgenus  Notonecta 
Hutchinson,  1929,  characterised  by  the  male  genital  capsule 
having  a  digitiform  process  and  the  female  having  the  first  pair 
of  gonopophyses  long  and  well  developed  for  the  purpose  of 
oviposition  in  plant  stems.  These  gonopophyses  are  provided 
with  stout  spines  for  the  purpose  of  drilling  a  hole  in  a  plant 
stem,  and  from  the  material  examined  it  would  seem  that  the 
form  in  the  different  species  is  constant,  though  the  spines  may 
become  badly  damaged  by  use.  The  size  of  the  ovipositor  rela¬ 
tive  to  the  insect  may  be  seen  in  the  figure  of  the  ovipositing 
Notonecta  glauca  (PI.  V,  fig.  5). 

Notonecta  maculata. 

In  this  species  the  first  pair  of  female  gonopophyses  are  only 
moderately  long.  On  each  valve  the  long  sharp  spines,  43  in 
number,  are  situated  on  an  oval  raised  portion  of  the  valve. 
Along  the  outer  edge  there  is  a  row  of  long  flattened  hairs 
which  are  present  in  all  the  species  ;  in  nearly  all  except  freshly 
emerged  females  the  spines  are  worn  down  and  broken  through 
use  :  for  exact  shape  and  arrangement  see  PI.  V,  fig.  1. 

Notonecta  glauca. 

This  species  possesses  the  longest  and  relatively  the  most 
slender  ovipositor  valve  of  the  four  species  ;  there  are  56  large 
round  conical  spines,  tapering  smoothly  to  a  fairly  sharp  point. 
The  basal  spines  are  shortest  and  bluntest,  while  the  apical  ones 
are  longest  and  sharpest.  The  third  large  spine,  counting  back¬ 
wards  from  the  apex  along  the  outer  edge,  lies  along  the  outline 
of  the  valve  (the  outer  edge  is  that  which  is  fringed  with  hairs). 
‘Other  differences  are  best  seen  in  the  diagram  (PI.  V,  fig.  2). 
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Notonecta  obliqua ,. 

This  species  possesses  an  ovipositor  (PI.  V,  fig.  3)  which  if 
not  quite  as  long  as  that  of  N.  glauca  is  certainly  much  more 
powerful ;  the  ‘  flange  ’  portion  is  very  broad  and  solid,  suited 
for  strong  muscular  attachment.  There  are  66  stout  spines, 
more  robust  and  more  cultriform  than  those  of  N.  glauca .  The 
third  large  spine,  counting  backwards  from  the  apex  along  the 
outer  edge,  projects  outwards,  not  inwards  as  in  glauca,  and 
there  is  an  extra  row  of  three  large  spines  on  the  outer  edge 
below  that  which  is  normal  to  glauca. 


N otonecta  viridis. 

This  species  possesses  a  shorter  but  relatively  wider  ovi¬ 
positor  than  the  two  preceding  species.  There  are  45  spines 
only,  sharper  and  more  slender  in  form  than  in  the  last  two 
species.  The  third  large  spine,  counting  backwards  from  the 
apex  along  the  outer  edge,  projects  outwards  as  in  obliqua,  but 
is  more  distant  from  the  second  spine  (PI.  V,  fig.  4). 


(2)  The  Egg. 

In  general  the  egg  of  a  Notonectid  is  oblong  oval  in  form, 
and  the  anterior  end  is  practically  always  the  blunter.  It  is  at 
this  end  that  the  micropyle  and  its  projecting  peg  are  situated. 
This  £>eg  varies  in  form,  but  is  usually  digitiform.  The  chorion 
(in  subgenus  Notonecta  Hutchinson  at  least)  consists  of  two 
layers,  the  outer  dorsally,  anteriorly  and  at  the  sides  much  the 
thicker.  It  is  sculptured  hexagonally  and  perforated  with  fine 
holes,  which  probably  help  in  the  respiration  of  the  embryo. 
The  second  layer  is  uniformly  thin,  ventrally  nearly  the  same 
thickness  as  the  outer,  imperforate  except  for  the  micropylar 
canal.  The  bulk  of  the  pigmentation  is  in  the  thin  vitelline 
membrane  which  surrounds  the  embryo.  In  oviposition  the 
anterior  (micropylar)  end  of  the  egg  is  the  last  to  leave  the 
female,  so  that,  if  the  egg  is  deposited  in  a  plant  stem,  the 
nymph,  which  almost  invariably  develops  with  its  head  to  the 
micropylar  end,  may  easily  escape. 


Notonecta  maculata  (PI.  V,  fig.  6). 

Size  of  Egg.  The  size  of  the  egg'  of  this  species,  and  also 
that  of  the  others,  alters  quite  appreciably  during  the  develop¬ 
ment  of  the  embryo  ;  the  change  of  size  is  particularly  notice¬ 
able  in  N.  maculata.  For  an  egg  showing  eye  spots  the  greatest 
length  is  approximately  1-95  millimetres,  and  the  greatest 
breadth  o-8  millimetres,  whereas  when  freshly  laid  it  would  be 
a  little  smaller. 
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Form.  Oblong,  oval,  more  rounded  at  anterior  end  where 
the  micropylar  peg*  is  situated  ;  the  latter  is  usually  only  a  little 
rounded  tubercle,  but  is  sometimes  a  downwardly  curved  peg*. 
When  freshly  laid  the  egg*  is  pale  orange-yellow,  but  changes 
through  orange  and  orange-brown  to  dark  brown,  generally  in 
a  couple  of  days  ;  occasionally  the  complete  change  is  consider¬ 
ably  delayed.  The  orange  colour  is  held  by  the  outer  layer  of 
the  chorion,  the  brown  by  the  vitelline  membrane  ;  the  inner 
layer  of  the  chorion  is  thin  and  practically  colourless  and  of  uni¬ 
form  thickness  throughout.  The  outer  layer  is  ventrally  about 
equal  in  thickness  to  the  inner,  though  it  is  rougher  on  the  outer 
side  ;  on  the  sides  and  upper  portions  this  roughness  forms  a 
very  complicated  structure.  Superficially  the  appearance  con¬ 
veyed  is  of  a  large  number  of  irregular  hexagons  formed  by  a 
network  of  wide  ridges,  there  being  roughly  40  hexagonal  areas 
in  the  length  of  the  egg.  These  ridges  are,  however,  broadly 
clavate  (PI.  V,  fig.  6c, r),  so  that  the  hexagonal  areas  are  actually 
wider  at  the  true  thickness  level  than  they  appear  from  outside. 
The  surface  of  the  areas  is  covered  with  fine  but  quite  distinct 
pores,  which  perforate  the  outer  layer  by1  way  of  canals  of  uni¬ 
form  thickness,  which  sometimes  become  branched  although 
rarely  more  than  twice,  so  that  the  inner  aspect  of  the  outer 
layer  has  evenly  scattered  over  it  more  numerous  pores  than  the 
outer  aspect.  The  ridges  are  all  very  finely  and  vertically  chan¬ 
nelled  along  their  sides. 

Notonecta  glauca  (PI.  V,  fig.  7). 

Size  of  Egg.  The  egg  of  N.  glauca  does  not  alter  in  size  so 
appreciably  as  that  of  N.  maculata ;  a  freshly  laid  egg  measures 
approximately  1*7  millimetres  in  length  and  0-5  millimetres  in 
greatest  breadth. 

Form.  WTen  freshly  laid  the  egg  is  a  pale  yellow,  slightly 
downwardly  curved  cylinder,  equally  rounded  at  each  end.  The 
micropylar  peg  is  small  and  pointed  and  sometimes  obscured  by 
bits  of  integument  clinging  to  that  part  of  the  egg.  Such  eggs 
are  often  infertile.  The  egg  becomes  more  cylindrical  as  develop¬ 
ment  proceeds,  until  finally,  when  the  eye  spots  appear,  it  is 
anteriorly  wider  than  posteriorly.  The  inner  chorion  layer  is 
very  thin,  almost  a  membrane,  and  is  colourless  ;  the  outer  layer 
is  much  thicker  and  its  outer  aspect  very  finely  sculptured  with 
a  fairly  wide  network  of  hexagons  formed  by  fine  but  distinct 
ridges.  On  the  anterior  and  dorsal  surfaces  many  of  the  junc¬ 
tions  of  the  ridges  are  thickened  and  raised  as  spherical  nodules 
of  various  sizes  (PI.  V,  fig.  7c,  k,  r).  The  hexagonal  areas  are 
perforated  by  fine  canals  of  uniform  thickness  branching  more 
frequently  than  those  in  the  egg  of  N.  maculata.  The  p'gment, 
of  a  brownish  tint  (when  it  appears  at  all),  arises  from  the  vitel¬ 
line  membrane. 


[November, 


52 


N otonecta  obliqua  (PI.  V,  fig-.  8). 

Size  of  Egg.  An  egg  showing  red  eye  spots  measures  ap¬ 
proximately  1-9  millimetres  in  length,  with  a  breadth  of  0-7 
millimetres. 

Form.  When  freshly  laid  the  egg  is  a  pale  yellow,  down¬ 
wardly  curved  cylinder,  rounded  at  both  ends,  but  less  so 
anteriorly,  in  which  respect  it  differs  from  the  eggs  of  the  other 
species.  As  development  proceeds  the  egg  swells  out  medianlv 
rather  than  anteriorly,  while  it  becomes  somewhat  flattened 
antero-ventrally,  darkening  antero-dorsally.  The  inner  chorion 
layer  is  similar  to  that  of  N.  glauca,  but  the  outer  layer  is 
dorsally  thicker  than  in  any  of  the  other  species  ;  ventrally  it  is 
no  thicker  than  the  inner  layer.  The  entire  exterior  is  covered 
with  a  wide  mesh  of  very  fine  ridges  joined  up  to  form  a  hex¬ 
agonal  network.  At  the  corners  of  the  hexagons  of  the  upper 
regions  there  are  large  spherical  tubercles  which  are  very 
characteristic  of  this  egg  ;  they  are  particularly  numerous  and 
prominent  antero-dorsally.  The  smooth  hexagonal  surfaces  are 
covered  with  a  large  number  of  very  fine  pores  connected 
through  the  chorion,  by  way  of  greatly-branching  fine  canals  of 
even  thickness,  with  four  times  as  many  similar  pores  on  the 
inner  aspect.  One  pore  on  the  outside  may  give  rise  to  as  many 
as  seven  on  the  inside  of  the  outer  layer  of  the  chorion.  The 
vitelline  membrane  gives  the  egg  its  brownish  tinge  when  well 
developed. 

N otonecta  viridis  (PI.  V,  fig.  9). 

Size  of  Egg.  When  freshly  laid  approximately  1-45  milli¬ 
metres  in  length  and  0-5  millimetres  in  breadth. 

Form.  As  development  proceeds  the  egg  becomes  slightly 
distorted  from  its  early  cylindrical  form  (equally  rounded  at  both 
ends)  to  a  form  rather  like  that  attained  by  the  egg  of  N. 
obliqua ,  but  the  distortion  is  not  so  accentuated,  and  there  is  a 
relatively  greater  increase  in  breadth  over  increase  in  height. 
As  in  the  other  species  the  inner  layer  of  the  chorion  is  colour¬ 
less,  thin  and  of  uniform  thickness.  The  outer  layer  on  the 
ventral  side  is  equal  in  thickness  to  the  inner  layer,  but  be¬ 
comes  thicker  towards  the  dorsal  surface.  The  thicker  portions 
of  the  outer  aspect  are  covered  with  a  meshwork  of  ridges  more 
prominent  than  in  the  two  preceding  species,  and  in  this  region 
there  are  also  at  the  corners  of  the  hexag'ons  a  fairly  large  num¬ 
ber  of  small  tubercles.  The  outer  layer  is  perforated  by  a  large 
number  of  canals  of  even  thickness,  but  they  are  wider,  shorter 
and  do  not  subdivide  to  the  extent  of  those  in  the  corium  layer 
of  N..  obliqua.  The  vitelline  membrane  carries  the  main  pig¬ 
ment,  a  darkish  brown,  which  appears  sometimes  a  day  or  two 
after  oviposition,  or  at  other  times  is  somewhat  delayed  in  ap¬ 
pearance,  the  egg  being  until  then  pale  yellowish-white  inclining 
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to  a  greenish  tinge.  This  egg  is  rougher  in  appearance  than 
the  eggs  of  the  two  preceding  species. 

(3)  The  Act  of  Oviposition. 

Notonecta  maculata. 

In  the  writer’s  experience  Notonecta  maculata  invariably 
attaches  its  eggs  to  a  solid  object  by  means  of  waterproof  glue, 
preferably  to  rocks  or  stones,  never  on  soft  plant  tissues,  but 
sometimes  on  twigs  or  branches  if  there  is  no  stone  available. 
If  a  female  is  placed  in  a  glass  jar  with  nothing  but  weed,  she 
will  deposit  her  eggs  upon  the  glass. 

N.  maculata  is  most  numerous  in  tanks  or  reservoirs  built  of 
cement  or  stonework  where  weed  rarely  grows  ;  in  examining 
over  800  living  specimens  of  this  species  the  writer  has  visited 
only  four  habitats  which  were  not  stony,  and  these  accounted 
for  only  seven  of  the  800  odd  specimens.  This  clearly  shows  that 
the  ovipositing  habit  restricts  the  insect  to  one  type  of  habitat. 
Dispersive  radiation  from  overcrowded  ponds  during  the  autumn 
may  take  the  insects  to  unsuitable  habitats,  but  by  the  following 
spring  they  have  mostly  sorted  themselves  out. 

Here  is  a  timed  example  of  the  oviposition  of  N.  maculata  : 
The  insect  was  seen  to  grasp  the  underside  of  a  circular  piece  of 
floating  cork,  pressing  her  rostrum  against  it,  and  bending  up 
the  tip  of  her  abdomen  as  shown  in  the  figure  of  N.  glauca 
(PI.  V,  fig.  5).  She  then  commenced  to  scrape  at  the  cork  with 
her  ovipositor,  using  a  backward  and  forward  motion  similar  to 
the  other  species  and  described  in  detail  for  N.  obliqua.  She 
then  moved  on  a  little  and  repeated  the  process,  finally  swim¬ 
ming  away.  In  neither  case  was  any  mark  left  on  the  cork. 
The  writer’s  attention  was  then  distracted,  and  on  looking 
again,  a  moment  or  two  later,  the  female  was  just  completing 
the  scraping  actions  for  the  third  time  ;  her  abdomen  was  bent 
upwards  and  the  tip  of  the  orange  egg  could  be  seen  just  pro¬ 
truding  from  the  genital  segments  :  the  position  of  the  rest  of 
the  egg  could  be  marked  as  an  orange  blob  showing  through 
the  distended  sutures.  For  fully  a  quarter  of  an  hour  the  egg 
was  almost  imperceptibly  extruded,  then  with  a  quicker  move¬ 
ment  the  parts  opened  wider  and  the  egg  came  to  rest,  held  by 
the  wide  open  genital  segments,  parallel  to  the  cork  ;  it  was 
then  pressed  against  the  cork  and  held  there  for  a  few  minutes 
before  the  bug  finally  swam  away. 

The  writer  has  not  been  fortunate  enough  to  observe  N. 
maculata  ovipositing  upon  stones,  but  it  undoubtedly  goes 
through  similar  scraping  actions  because,  as  before  stated,  the 
spines  on  the  ovipositor  are  nearly  always  worn  down,  though 
what  the  insect  gains  by  doing  this  to  rocks  or  even  cork  (per¬ 
haps  removing  a  minute  bit  of  alga)  is  a  puzzle. 
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With  Notonecta  maculata  it  was  found  very  difficult  to  get 
accurate  observations  of  the  number  of  eggs  deposited  ;  this 
being  due  to  the  fact  that  this  species  oviposits  irregularly  and 
over  a  wide  period.  For  example,  a  female  (in  the  company  of 
a  male)  deposited  7  eggs  in  30  days,  as  follows  :  1  egg,  5.xii.34  ; 
2  eggs,  6.XU.34;  1  egg,  i3.xii.34;_  1  egg,  18.xii.34  ;  and  2  eggs, 
30.35.  This  is  the  normal  rate  in  winter,  but  oviposition  ex¬ 
tends  from  the  end  of  August  to  May.  Females  dissected  in 
Somerset  on  May  5th,  1935,  contained  many  developing  eggs. 

During  the  late  spring  and  summer  egg-laying  is  accelerated 
owing  to  the  higher  temperature.  The  following  is  the  record 
of  the  descendants  of  ia  female  captured  in  Somerset  in  the 
autumn  of  1934:  the  eggs  were  laid  in  Cornwall,  December, 
1934,  and  hatched  at  the  end  of  March,  1935 ;  a  specimen 
became  adult  in  July  and  laid  her  first  eggs  at  the  end  of  August 
and  died  on  October  3rd,  1935  ;  her  eggs  hatched  on  March 
29th,  1936,  and  the  nymphs  have  now  become  adult  (27.viii.36). 
This  may  well  be  the  history  of  some  females,  but  the  majority 
survive  until  May  or  later  in  the  year  following  their  hatching 
and  a  few  no  doubt  live  for  still  longer. 


Notonecta  glauca  (PI.  V,  fig.  5). 

Oviposition  is  as  described  for  N.  obliqua.  The  writer  has 
many  times  witnessed)  the  oviposition  of  this  species,  and  the 
eggs  are  almost  invariably  completely  buried  beneath  the  air- 
filled  tissues  of  a  water  plant,  only  a  small  area  being  left  un¬ 
covered  for  the  escape  of  the  nymph.  The  writer  has  never 
known  them  to  attach  their  eggs  to  any  support.  Since  so  much 
has  been  done  on  N.  glauca  one  illustration  of  the  oviposition 
will  suffice.  A  female  was  placed  in  a  jar  with  a  stem  of  Ranun¬ 
culus ,  26.iii.35,  and  on  the  28th  twenty-three  eggs  were  counted 
in  the  stem.  By  the  3rd  of  the  next  month  laying  ceased,  and 
thirty-seven  fertile  and  three  infertile  eggs  were  counted,  and 
as  in  the  other  British  species  eggs  developed  in  batches  of 
eight,  this  represents  five  batches.  On  April  30th  this  female 
contained  sixteen  well-developed  eggs  and  had  in  the  interval 
deposited  others.  Egg-laying  extends  from  the  end  of  December 
on  into  June,  the  writer’s  earliest  record  being  January  1st,  in 
Cornwall. 

Notonecta  obliqua. 

N otonecta  obliqua  naturally  deposits  its  eggs  in  plant  stems, 
but  still  retains  the  habit  of  depositing  them  upon  a  support. 
(The  greater  number  of  the  N otonecta  of  the  world  deposit  their 
eggs  upon  a  support,  the  more  primitive  method.)  The  follow¬ 
ing  is  a  description  of  oviposition  in  N.  obliqua  which  will  apply 
equally  to  N.  glauca  and  N.  viridis. 

On  the  19th  of  March,  1935  (7.45  p.m.,  in  the  light  of  a 
shaded  sixty-watt  electric  lamp,  the  temperature  of  the  water 
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57*2°  F.),  a  female  N.  obliqua  was  seen  to  swim  up  to  a  vertical 
stem  of  Ranunculus  a  few  inches  below  the  surface  of  the  water. 
Head  downwards  she  grasped  the  stem  with  her  two  pairs  of 
fore  limbs,  inclining-  the  long-  swimming-  leg’s  passively  forwards 
at  an  angle  of  450  to  her  body,  which  was  held  parallel  to  the 
stem  at  rostrum  length  away.  The  tip  of  the  rostrum  was 
pressed  against  the  stem  but  did  not  appear  to  penetrate, 
though  the  stylets  may  have  done  so.  The  abdomen  was  curved 
round  towards  the  stem,  away  from  the  elytra,  drawing  a  film 
of  air  with  it.  The  abdomen  was  brought  forward  and  the  ovi¬ 
positor  pressed  against  the  stem ;  it  then  moved  back  with  some 
force,  driving  the  ovipositor  into  the  stem,  until  it  came  to  rest, 
when  the  ovipositor  made  a  backward  and  downward  push  of 
its  own  accord  into  the  stem.  These  actions  were  repeated  many 
times  over  with  some  deliberation,  and  the  ovipositor  could  be 
distinctly  heard  tearing  the  tissues  of  the  plant.  This  operation 
of  drilling  the  incision  took  approximately  two  minutes,  and  the 
ovipositor  then  rested  deep  in  the  incision,  and  during  four 
more  minutes  the  egg  slowly  came  down  between  the  valves, 
which  were  finally  drawn  out,  leaving'  the  egg  completely  buried 
save  only  for  an  exposed  small  area.  The  bug  then  rose  to  the 
surface  and  came  to  rest  with  its  four  grasping  legs  resting 
against  the  underside  of  the  film  and  with  its  swimming  pair 
vigorously  scrubbing  its  posterior  parts. 

N otonecta  obliqua  buries  its  eggs  in  plant  stems  quite  as 
effectively  as  N.  glauca,  but  when  it  attaches  its  eggs  to  solid 
objects  it  appears  to  run  short  of  waterproof  glue  very  rapidly  ; 
consequently  when  laying  a  large  batch  of  eggs  they  are  not 
nearly  so  firmly  attached  as  those  of  N.  maculata,  and  may  be 
readily  detached.  When  provided  with  floating  corks  they  will 
manage  to  drill  a  hole  in  that  tough,  unyielding  substance 
sooner  than  fix  them  to*  the  outside. 

The  following  observations  were  carried  out  in  Cornwall, 
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This  table,  besides  showing  an  average  of  3-6  eggs  per  day 
over  nine  days,  also  shows  that  the  eggs  are  laid  irregularly, 
since  with  five  females  there  was  a  day  when  thirty  eggs  were 
deposited,  whilst  on  another  day  only  one  egg  was  laid.  On 
being  removed  to  Bristol  these  females  deposited  a  further 
number  of  eggs,  ten  of  which  were  inserted  in  cork.  Of  the  144 
eggs  laid  in  Cornwall,  sixty-one  were  placed  in  incisions  made 
in  the  stems  of  Ranunculus ,  sixty-one  were  fixed  to  twfigs,  one 
to  glass,  and  twenty-one  were  found  lying  upon  the  bottom  ; 
these  had  been  either  accidentally  dropped  by  the  bugs  or  had 
become  detached. 

N otonecta  viridis. 

The  writer  has  several  times  witnessed  the  act  of  oviposition 
of  this  species,  and  the  actions  are  similar  to  those  described 
for  N.  obliqna,  though  in  all  its  movements  this  bug  is  much 
more  lively. 

Seven  females  were  placed  under  observation  in  Cornwall, 
December,  1934.  Only  seventeen  eggs  were  deposited,  and 
attached  to  sticks,  as  they  had  already  laid  most  of  their  eggs 
before  capture. 

A  female  captured  at  Wraxall,  Somerset,  on  February  23rd 
was  placed  with  a  male  and  deposited  sixty-four  eggs  between 
February  25th  and  March  6th  ;  of  these  eighteen  were  fixed  to 
cork  and  plant  stems,  thirteen  wholly  or  partially  buried  in 
plant  stems,  thirty-one  were  loose  on  the  bottom,  while  two 
had  been  bottled  for  examination.  The  fact  that  more  eggs 
were  found  loose  upon  the  bottom  than  held  by  solid  objects 
might  point  to  the  conclusion  that  the  insect  normally  lays  its 
eggs  free.  This,  however,  is  not  the  case,  because  these  active, 
fast-swimming  insects  dash  themselves  about  in  the  aquarium 
when  it  is  approached,  and  will  seize  a  support  —  such  as  a 
twig  —  with  such  force  as  to  dislodge  the  eggs,  which  then 
naturally  sink  to  the  bottom.  In  the  above  instance  a  daily 
average  of  5*3  eggs  is  shown,  while  the  complete  set  was  de¬ 
posited  in  only  twelve  days,  as  compared  with  perhaps  as  much 
as  eight  months  (and  certainly  six  months)  for  some  N.  macu¬ 
lata.  Dissection  of  four  Cornish  AT.  viridis  revealed  in  each  case 
sixteen  developed  eggs.  The  largest  number  found  in  any  N. 
maculata  was  sixteen  well  developed  eggs  with  a  number  of 
others  in  a  lesser  state  of  development.  A  Gloucestershire  speci¬ 
men  of  N.  glauca  captured  on  March  24th  contained  thirty-two 
recognisable  eggs  and  some  others  barely  so,  while  a  Cornish 
N.  obliqna  taken  in  January  contained  twenty-four  well  de¬ 
veloped  eggs. 

(4)  Summary. 

Four  species  of  N otonecta  are  recognised  in  this  country. 
They  are  N otonecta  maculata  Fabr.,  N.  glauca  Linn. ,  N.  obliqna 
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Gallen  and  N.  viridis  Delcourt.  They  belong  to  the  subgenus 
N otonecta  Hutchinson,  1929,  characterised  by  the  male  genital 
capsule  having  a  digitiform  process  and  the  first  pair  of  female 
gonopophyses  being  long  and  provided  with  spines  for  piercing 
plant  stems,  and  these  appear  to  be  constant  in  form  in  the 
different  species.  N.  glauca  normally  deposits  its  eggs  in  in¬ 
cisions  made  by  its  ovipositor  in  air-filled  aquatic  plant  tissues, 
and  AT.  obliqua  and  N.  viridis  normally  do  likewise,  but  still, 
the  last  species  especially,  retain  to  some  extent  the  habit  of 
affixing  their  eggs  to  solid  supports  and  the  surfaces  of  plants. 
N.  rnaeulata  always  utilises  a  solid  support,  and  never  soft 
plants.  The  eggs  are  cylindrical,  rounded  at  both  ends  with  the 
micropyle  and  protecting  peg  at  the  anterior  end,  and  are  com¬ 
posed  of  two  chorion  layers,  the  inner  thin  and  imperforate, 
the  outer  thick  and  finely  perforated,  hexagonally  sculptured 
and  nodulate.  These  characters  are  markedly  different  in  the 
four  species,  which  all  appear  to  deposit  a  complete  set  of  sixty- 
four  eggs,  deposited  in  batches  of  eight.  Oviposition  in  N.  macu- 
lata  extends  over  about  eight  months,  the  period  being  from 
October  to  the  beginning  of  June,  a  female  containing  sixteen 
well  developed  eggs  at  a  time.  In  N.  glauca  oviposition  ex¬ 
tends  from  January  to  the  middle  of  May,  and  the  female  may 
contain  thirty-two  recognisable  eggs,  a  complete  set  deing  de¬ 
posited  in  about  a  month.  N.  obliqua  is  very  similar  in  habit 
and  may  contain  twenty-four  well  developed  eggs  at  a  time. 
N.  viridis „  which  in  the  winter  and  early  spring  may  take  only 
twelve  days  to  lay  the  set,  can  carry  sixteen  well  developed  eggs. 
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Fig. 


i. — Ovipositor  valve  (right)  of  Notonecta 


maculata  Fab. 


2.  ,,  ,,  ,,  of  N.  glauca  L. 

3.  ,,  ,,  ,,  of  N.  obliqua  Gallen. 

4.  ,,  ,,  ,,  of  N.  viridis  Delcourt. 

5.  — N.  glauca  L.  ovipositing  in  a  stem  of  an  aquatic  plant.  Free  hand 

drawing. 

6.  — Egg  of  N.  maculata  Fab. 

(a)  Freshly  deposited  upon  a  solid  support. 

( b )  Dorsal  view,  egg  showing  eye  spots. 

(c)  Transverse  section  through  dorsal  portion  of  chorion. 

r  =  ridge. 


7. — Egg  of  N.  glauca  L. 

(a)  Inserted  in  the  stem  of  an  aquatic  plant. 

(b)  Dorsal  view  of  freshly  deposited  egg. 

(c)  Transverse  section  through  dorsal  portion  of  chorion. 

r  =  ridge;  k  =  nodule. 


8. — Egg  of  N.  obliqua  Gallon. 

(a)  Inserted  in  the  stem  of  an  aquatic  plant,  showing  eye  spots. 

(b)  Dorsal  view  of  freshly  deposited  egg. 

(c)  Transverse  section  through  dorsal  portion  of  chorion. 

r  =  ridge;  k=  nodule. 


9-— Egg  of  N.  viridis  Delcourt. 

(a)  Deposited  upon  a  twig. 

(b)  Dorsal  view  of  freshly,  deposited  egg. 

(c)  Transverse  section  through  dorsal  portion  of  chorion. 

r  =  ridge;  k  =  nodule. 
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OVIPOSITOR  VALVES,  OVIPOSITION  AND  EGGS  OF 
NOTONECTA. 
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THE  ICHNEUMONOIDEA  OF  WICKEN  FEN: 
CORRIGENDA  AND  ADDENDA. 

By  G.  J.  Kerrich,  M.A.,  F.L.S.,  F.R.E.S. 

Hancock  (1925),  in  ‘The  Natural  History  of  Wicken  Fen,’ 
wrote  a  preliminary  account  of  the  Ichneumonidae  in  Part  II, 
while  in  Part  VI  the  present  writer  (1932)  supplemented  this  and 
added  lists  of  the  other  Ichneumonoid  families.  In  view  of  the 
forthcoming-  publication  of  the  Victoria  County  History  of 
Cambridgeshire,  I  think  it  desirable  to  bring-  our  knowledge  of 
the  Ichneumonoidea  of  Wicken  Fen  up-to-date;  though  since 
1931  I  have  not  collected  on  Wicken  Fen  with  the  same  energy 
as  during  that  year. 

The  naming  of  all  British  material  of  Pimpla  ( sensu  lato ), 
Ephialtes ,  Glypta,  and  Lissonota  in  the  Cambridge  University 
Museum  of  Zoology  has  now  been  revised  by  Mr.  J.  F.  Perkins. 
Mr.  Perkins  has  also  revised  the  determinations  of  the  repre¬ 
sentatives  of  these  genera  in  the  Hancock  collection,  which  is 
now  in  his  care  at  the  British  Museum  :  some  corrections  he  has 
made  are  included  below. 

Certain  changes  of  nomenclature  are  necessary,  as  I  fore¬ 
shadowed  in  1935  ;  but  this  improvement  I  am  reserving  for  my 
paper  in  the  Victoria  County  History.  My  1935  paper  included 
records  of  three  species  new  to  Wicken  Fen,  which  I  am  re¬ 
peating  here.  Some  additions  are  due  to  Donisthorpe  (1935), 
and  I  have  obtained  a  few  more  records  of  Braconidae  from  the 
manuscript  catalogue  of  G.  T.  Lyle,  which  is  now  at  the  British 
Museum.  It  is  unfortunate  that  Lyle  collected  so  very  seldom  at 
Wicken  Fen. 

In  the  two  previous  papers  are  a  number  of  records  of 
species  bred  from  hosts  taken  on  the  Fen  ;  these  and  others  are 
being  included  in  the  Victoria  County  History  paper. 

Corrigenda. 

Cryptus  tarsoleucus  Schr.  (pp.  127,  137,  561,  563)  should  be 
Cryptus  laborator  Thunb.  The  separation  of  these  two  species 
was  not  generally  understood  before  the  publication  of  Schmiede- 
knecht’s  revision  of  the  genus  Cryptus  (1931).  I  have  examined 
a  large  number  of  Cambridgeshire  specimens,  mostly  from 
Wicken  Fen,  and  all  are  referable  to  laborator  Thunb.  Un¬ 
fortunately  Mr.  Morley  is  unable  to  trace  his  specimens  recorded 
from  Wicken  Fen  as  tarsoleucus  Schr.  (1907,  2:  306)  ;  but  as  it 
is  extremely  probable  that  these  also  should  be  referred  to 


62 


[November, 


laborator  Thunb.,  I  am  omitting  tarsoleucus  Schr.  from  the  list. 
My  remark  on  p.  563  re  tarsoleucus  Schr.  becomes  inapplicable. 

Hancock  (p.  13 1)  states  :  ‘  The  only  Sphingid  which  has  any 
claim  to  be  included  in  a  fen  list  is  the  Death’s  Head  Hawk- 
moth,  Acherontia  atropos,  L.’  The  Elephant  Hawk-moth, 
Chaerocampa  elpenor  L.,  and  the  Poplar  Hawk-moth,  Smerin- 
thus  populi  L. ,  are  also  known  from  Wicken  Fen. 

Spilocryptus  migrator  L.  (  ! )  (p.  132)  should  be  Spilocryptus 
saturniae  Boie  (see  Kerrich  1935,  pp.  41*2).  Hancock  states 
‘not  uncommon  at  Wicken,’  but  has  left  no  records  or  speci¬ 
mens  with  which  to  substantiate  this.  Fortunately  saturniae 
Boie  is  fixed  for  Wicken  Fen  by  a  specimen  bred  from  a  cocoon 
of  Saturnia  pavonia  L.  collected  there  by  G.  M.  Spooner  in  1926. 
Morley  (1907,  2:  277)  records  a  male  of  migrator  Fabr.  from 
Wicken  Fen.  Unfortunately  it  is  not  possible  to  check  this 
record,  as  Mr.  Morley  tells  me  he  gave  the  specimen  away  ;  but, 
owing  to  the  confusion  that  existed  over  these  two  species,  it  is 
quite  possible  that  the  record  should  refer  to  saturniae  Boie,  so 
I  am  omitting  migrator  Fabr.  from  the  list. 

Hancock  (p.  133)  states  :  ‘  In  the  Diptera,  the  Chloropid  fly, 
Lipara  lucens,  Meig.,  which  frequents  Wicken  and  Chippenham 
Fens  and  other  marshy  places,  is  probably  attacked  by  Pimpla 
arundinator ,  Fabr.,  and  perhaps  also  by  Mesoleius  variegatus , 
Jur.’  I  do  not  agree  that  this  is  probable.  I  stated  (p.  562)  : 

‘  while  Lipara  similis  yielded  Pimpla  melanopy ga  Grav.  ’  ;  it  is 
possible  that  the  true  host  was  a  Lepidopteron  that  had  entered 
the  old  gall. 

Hancock  (p.  136)  records  Ichneumon  bucculentus  Wesm. 
from  Milton  and  Chippenham  Fen  (det.  K.  Pfankuch).  The 
specimen  from  Milton  is  in  the  Cambridge  Natural  History 
Society  collection  and  is  misdetermined  ;  Dr.  G.  Heinrich  has 
been  so  kind  as  to  check  this  conclusion.  The  other  specimen  is 
at  the  British  Museum  ;  lacking  the  head,  it  is  difficult  to  name, 
but  I  believe  it  to  be  misdetermined  also,  so  am  deleting 
Ichneumon  bucculentus  Wesm.  from  the  Cambridgeshire  list. 

Hancock  (p.  137)  records  Arnbly teles  oratorius  Fabr.  var. 
cingulipes  Steph.  I  have  since  taken  typical  and  intermediate 
forms. 

Hancock  (p.  137)  has  not  marked  Phygadeuon  rugipectus 
Thoms,  as  being  new  to  the  British  list ;  but  I  have  seen  no 
earlier  records. 

Reference  to  the  Cambridge  Natural  History  Society  record 
files  shows  that  Hancock  included  Gambrus  tricolor  Grav.  in  his 
list  only  on  the  strength  of  Morley ’s  remark  (1907,  2:  284)  :  ‘  It 
is  probably  to  this  species  that  Kaye  refers  (Ent.  Rec.  1899, 
p.  235)  [1900,  Ent .  Rec.,  12:  235]  when  he  writes,  “The  extra¬ 
ordinary  scarcity  of  Arsilonche  venosa  in  Wicken  now,  after 
having  been  so  abundant  in  1895,  is  attributable,  one  is  inclined 
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to  think,  to  the  parasitic  Hymenoptera  which  attack  this  species 
having  got  into  the  ascendancy.  In  the  year  quoted,  when  larvae 
were  so>  abundant,  not  more  than  seven  or  eight  per  cent,  produced 
moths.  Since  that  time  the  species  has  got  scarcer  and  scarcer, 
until  now,  when  there  are  actual  doubts  as  to  whether  the  insect 
is  going  tO'  maintain  itself  at  Wicken.”  Fie  adds  that  it  is  easy 
to  tell  if  the  larva  be  parasitised,  since,  in  that  case,  it  never 
attains  the  pupal  condition.’  This  latter  observation  seems  to 
me  to  indicate  the  Braconid  Rhogas  rugulosus  Nees  as  the  para¬ 
site.  R.  rugulosus  Nees  was  recorded  as  bred  from  Arsilonche 
albovenosa  Gz.  at  Wicken  Fen  by  Lyle  (1919,  Entomologist,  52: 
150),  and  has  since  been  bred  from  larvae  taken  there  by  Mr. 
G.  C.  Varley  and  by  myself.  In  any  case  a  species  should  not 
have  been  included  in  this  list  upon  a  mere  supposition,  however 
probable  ;  so  I  now  delete  Gambrus  tricolor  Grav.  from  the  list. 

In  accordance  with  unpublished  information  from  Mr.  J.  F. 
Perkins,  I  am  deleting  the  following  from  Hancock’s  list  (pp. 
137-8)  :  Pimpla  rob  orator  Fabr.,  P.  culpator  Mori.,  P.  arundin- 
ator  Fabr.  and  var.  habermehli  Schmied.,  P.  depositor  Forst., 
P.  sagax  Hartig,  P.  brunnea  Brischke,  and  P.  nigricoxis  Ulbricht. 

Collyria  puncticeps  Thoms,  (p.  138)  is  a  synonym  of  calci - 
t.  rat  or  Grav.  (see  Kerrich,  1936),  and  should  be  deleted. 

Hancock  (p.  138)  records  Bassus  annulatus  Grav.,  although 
in  the  files  of  the  Cambridge  Natural  History  Society  he  doubts 
the  correctness  of  Pfankuch’s  determination  of  his  specimen. 
In  these  circumstances,  I  think  it  better  to  omit  this  species  from 
the  list. 

Hancock  (p.  138)  records  Tryphon  brunneiventris  Grav. 
(which  should  be  brunniventris  Grav.)  from  a  specimen  named 
incestus  Holmgr.  by  Schmiedeknecht,  in  deference  to  Morley’s 
opinion  that  incestus  Holmgr.  is  a  variety  of  brunniventris  Grav. 
I  am  including  it  in  the  Cambridgeshire  list  as  incestus  Holmgr. 

Hancock  (p.  138)  records  Tryphon  erythrogaster  Thoms, 
from  Baitsbite.  I  have  examined  the  specimen  upon  which  the 
record  is  based,  and  am  very  doubtful  about  the  determination, 
so  am  omitting  this  species  from  the  Cambridgeshire  list. 

In  1932  I  wrote  (p.  562)  :  ‘  All  but  one  of  the  specimens  of 
Gambrus  ornatus  Grav. ,  in  the  Cambridge  collection  recorded  as 
having  been  bred  from  Odonestis  potatoria,  refer  to  Micro¬ 
cry  ptus  abdominator  Grav.’  At  the  time  of  writing  I  was  not  in 
a  position  to  criticise  the  determinations  of  a  well-known  au¬ 
thority  ;  so  I  examined  only  the  determination  labels,  those  of 
Schmiedeknecht.  But  it  appears  that  only  two  of  the  specimens 
were  ever  previously  examined,  one  of  Gambrus  incubitor  L. 
( ornatus  Grav.),  and  one  of  Microcryptus  abdominator  Grav. 
The  rest  were  ‘  determined  ’  as  M.  abdominator,  but  are,  in  fact, 
two  species  of  Leptocryptus  ;  examination  of  the  original  cocoon 
shows  that  these  were  hyperparasites. 
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I  stated  (p.  562)  :  ‘  G.  T.  Lyle  bred  his  types  of  Apanteles 
jugosus  from  a  larva  of  the  geometrid  moth  Cab  era  exanthi- 
mataC  This  statement  is  not  correct.  The  specimens  here  re¬ 
ferred  to  were  bred  from  a  Wicken  Fen  larva  in  1921  ;  but  the 
four  specimens  in  the  Lyle  collection  marked  ‘  Type  ’  were  bred 
in  191 1  and  1915  from  larvae  of  Deilinia  pusaria  L.  from  the 
New  Forest. 

Delete  Banchus  pictus  Fabr.  (p.  564).  My  specimen  is  a  male 
•of  volutatorius  L.  (det.  A.  Roman). 

Exenterus  basalis  Steph.  and  bimaculatus  Holmgr.  (p.  138), 
flavilabris  Holmgr.  and  aurifluus  Hal.  (p.  564),  should  be  placed 
in  the  genus  Cteniscus.  Ct.  basalis  Steph.  and  flavilabris 
Holmgr.  are  colour  varieties  of  flavomaculatus  Grav.  (Roman, 
1931),  of  which  I  have  since  taken  also  the  variety  praeustus 
Holmgr.  on  Wicken  Fen. 

Prionopoda  glabra  Bridg.  (p.  564).  I  determined  this  speci¬ 
men  in  1931  by  comparison  with  specimens  in  the  British 
Museum.  Dr.  Roman  has  since  redetermined  it  as  Rhorus 
(Monoblastus)  longicornis  Holmgr.  I  think  I  must  have  in¬ 
cluded  this  species  in  the  Wicken  Fen  list  in  error,  for  the  only 
specimen  I  can  trace  now  bears  a  Cambridge  locality  label. 

Microdus  clausthalianus  Ratz.  Dr.  Roman  suspected  this 
determination,  so  I  sent  him  my  specimens,  and  he  replied  : 

‘  Your  Microdus  has  a  long  tail,  but  is  not  claus thalianus  Ratz. 
It  has  much  thicker  hind  femora,  and  the  fore  trochanters  are 
black,  in  clausthalianus  red.  The  species  I  took  on  spruce  and 
named  from  Thomson  is  evidently  the  right  one,  for  Ratzeburg 
mentions  the  host,  a  Grapholita  living  just  on  spruce.’  I  have 
since  compared  my  specimens  with  those  in  the  Berlin  Univer¬ 
sity  Museum,  and  find  these  differences  to  hold  good.  But  my 
specimens  agree  with  those  of  Marshall  under  this  name,  and 
Lyle  has  followed  this  interpretation  ;  so  at  present  I  shall  call 
this  species  Microdus  clausthalianus  Marsh  non  Ratz. 

Microdus  linguarius  Nees  (p.  565)  was  starred  in  error,  as  I 
cannot  now  trace  a  record  of  this  species  by  Lyle.  I  am  now 
dissatisfied  with  my  former  determination,  so  that  this  species 
must  be  deleted  from  the  list. 

Delete  Earinus  gloriatorius  Panz.  (p.  565).  At  present  I  can¬ 
not  determine  this  specimen  with  certainty. 

Misprints,  etc. 

Polyblastis  (p.  126)  should  be  Polyblastus. 

Panagyrops  (p.  137)  should  be  Panargyrops. 

Hemeteles  (p.  137)  should  be  Hemiteles. 

Pezomachus  zonatus  Forst.,  rufipes  Forst. ,  corrupt  or  Forst. , 
comes  Forst.,  and  gentilis  Forst.  (p.  137)  should  be  zonatus 
Forst.,  etc. 
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Exolytus  filicornus  Thoms,  (p.  137)  should  be  filicornis  Thoms. 
Cryptus  abbatorius  Vill.  (p.  137)  should  be  albatorius  Vill. 
Campoplex  rugifer  Forst. ,  terebrator  Forst.,  erythrogaster 
Forst.,  insignitus  Forst.,  canaliculatus  Forst.,  infestus  Forst., 
and  stragifex  Forst.  (p.  139)  should  be  rugifer  Forst,  etc. 

Prosopis  kreichbaumeri  (p.  562)  should  have  been  kriech- 
baumeri  :  the  correct  name  for  this  insect  is  Hylaeus  pectoralis 
Forst. 

Atracodes  (p.  564)  should  be  Atractodes. 

Ichneumon  xanthorius  Forst.  (p.  564)  should  be  xcmthorius 
Forst. 

_  Addenda. 

ICHNEXJMONIDAE. 

Callajoppa  lutoria  Fabr. 

Amblyjoppa  laminatoria  Fabr. 

Stenichneumon  puerulus  Kriechb. 

Barichneumon  heracleanae  Bridg. 

Amblyteles  negatorius  Fabr.  var.  nubilus  Berth. 

Apaeleticus  bellicosus  Wesm. 

Catalytus  fulveolatus  Grav. 

Orthopelma  mediator  Thunb.  ( =  luteolator  Grav.). 
Hemiteles  incisus  Bridg-. 

H.  balteatus  Thoms. 

Gelis  fasciatus  Fabr. 

Asyncrita  foveolata  Grav. 

Pimpla  flavicoxis  Thoms. 

Polysphincta  unrip es  Grav. 

Schizopyga  podagrica  Grav. 

Glypta  similis  Bridg. 

Exochus  fletcheri  Bridg. 

Promethes  laticarpus  Thoms. 

Stiphrosomus  antilope  Grav. 

Braconidae. 

Bracon  fuscicoxis  Wesm. 

H or mius  monileatus  Nees. 

Rhogas  rugulosus  Nees. 

Microplitis  mediana  Ruthe. 

Agathis  griseifrons  Thoms. 

Micro dus  tumidulus  Nees. 

Blacus  armatulus  Ruthe. 

Centistes  lucidator  Nees. 

Diospilus  morosus  Reinh. 

Oenone  hians  Nees. 


Conclusion. 

With  these  corrections  and  additions,  the  number  of  species 
on  the  list  for  Wicken  Fen  (including  Adventurers’  Fen)  stands 


66 


[November, 


at  354  :  Ichneumonidae  290,  Braconidae  62,  and  Evaniidae  (sensn 
Ashmead)  2.  I  believe  that  Agathis  griseifrons  Thoms,  has  not 
prievously  been  reported  from  Britain. 
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NOTES  ON  THE  BIOLOGY  OF  DRYOPS 
LURIDUS  Erichson  (COLEOPTERA, 
DRYOPIDAE). 

By  H.  E.  Hinton,  B.Sc.,  F.R.E.S. 

(Zoological  Laboratory,  Cambridge). 

At  the  present  time  most  of  the  imagines  of  our  aquatic 
Coleoptera  can  be  determined  with  little  difficulty,  but  properly 
to  determine  the  eggs,  larvae,  or  pupae  of  even  our  commonest 
species  is  quite  another  matter.  In  point  of  fact,  no  mention  of 
the  immature  stages  exists  in  the  mass  of  literature  that  has 
grown  up  about  the  vast  majority  of  our  species.  With  a  view 
to  describing  the  immature  stages  of  at  least  one  species  in  each 
genus,  I  have  had  to  rear  a  number  of  species  in  the  laboratory. 
To  date  these  include  representatives  of  the  Haliplidae,  Dytis- 
cidae,  Gyrinidae,  Hydrophilidae,  Dryopidae,  and  Dascillidae. 
Some  life-histories,  especially  those  of  species  of  Dytiscidae, 
have  been  worked  out  in  full,  while  others,  such  as  that  of  the 
species  of  Dryops  discussed  in  this  paper,  have  given  me  much 
trouble  and  are  still  manifestly  incomplete. 

A  casual  survey  of  the  literature  existing  on  the  adults,  for 
example  in  the  family  Dytiscidae,  reveals  numerous  instances 
in  which  the  relationships  between  congeneric  species  are  dis¬ 
cussed  at  great  length  and  in  a  manner  leading  the  reader  to 
believe  that  what  is  said  is  final,  but  no  word  is  said  concerning 
any  stage  but  the  adult.  I  think  most  workers  will  concur  with 
me  in  believing  that  it  is  palpably  obvious  that  our  ideas  of  the 
relationships  between  species  must  undergo  a  constant  change 
to  keep  pace  with  the  increasing  knowledge  of  the  immature 
stages.  To  enlarge  upon  this  principle,  which  of  late  years  has 
been  stated  almost  ad  nauseam,  is  not,  I  think,  necessary. 
Apart  from  the  interest  to  systematists,  a  knowledge  of  the 
immature  stages  of  our  insects  is  essential  if  field  ecologists 
are  to  obtain  the  best  results  from  their  work. 

All  figures  were  drawn  by  the  author  with  the  aid  of  a  camera 
lucida.  Unless  otherwise  indicated,  lines  next  to  figures  refer  to 
a  length  of  0-20  mm.  The  detail  on  the  figures,  such  as  the  setae, 
etc.,  is  accurate  unless  the  contrary  is  stated.  I  believe  most 
authors  pay  too  little  attention  to  describing  the  method  of 
drawing,  the  magnification,  and  the  degree  of  accuracy  of  their 
figures.  Thus  we  find  that  the  majority  of  drawings  published 
of  the  entire  larva,  though  they  may  give  the  reader  a  good  idea 
of  the  general  appearance  of  the  insect,  do  not  conform  with 
the  facts  if  checked  seta  by  seta.  Specific  determinations  of 
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larvae  often  rest  on  slight  differences  of  position  of  various 
setae,  and  drawings  in  which  the  setae  are  simply  placed  to 
give  the  general  facies  of  the  larvae  are  in  many  cases  a  waste 
of  time  and  will  have  to  be  done  over  again  in  the  future.  How¬ 
ever,  it  so  happens  that  in  many  Coleopterous  larvae  the  setae 
are  so  numerous  and  so  dense  that  it  is  a  practical  impossibility 
to  place  each  one  correctly.  In  these  instances  a  generalised 
figure,  with  a  small  section  enlarged,  is  all  that  can  be  given. 
Authors  should,  or  so  it  seems  to  me,  definitely  state  where  and 
where  not  their  figures  represent  the  actual  facts.  For  example, 
in  the  family  Dryopidae,  good  specific  differences  are  found  in 
most  genera  in  the  chaetotaxy  of  parts  of  the  mouth  such  as  the 
labium.  In  the  majority  of  the  larvae  I  have  examined  the  pre- 
mentum  is  densely  set  with  extremely  fine  setae  and  the  post- 
mentum  with  much  fewer  and  larger  setae.  While  it  is  often  of 
great  importance  to  figure  the  postmental  setae  accurately,  to 
figure  the  premental  setae  accurately  involves  an  amount  of 
labour  which  is  not  at  all  commensurate  with  the  gain  in  know¬ 
ledge,  so  that  it  is  enough  to  give  only  the  general  appearance 
of  the  vestiture  of  the  area.  But  unless  a  statement  is  made  to 
this  effect,  the  next  worker  may  believe  that  the  premental  setae 
are  as  accurate  as  the  postmental,  or  that  the  postmental  are  as 
inaccurate  as  the  premental. 

My  best  thanks  are  due  to  Dr.  A.  D.  Imms  and  Mr.  A.  W. 
Rymer  Roberts  for  their  helpful  suggestions  during  the  course 
of  this  work. 


Text-fig.  i. — -Last  stage  larva  of  D.  luridus ;  arrow  indicates  right  hand 
side  of  figure  ;  chaetotaxy  of  right  side  of  last  abdominal  segment  is  normal 
for  this  species  ;■  shading  is  to  indicate  position — nothing  more — of  sculpture 
given  enlarged  in  text-fig.  n. 

The  material  on  which  this  paper  is  based  was  collected  in 
or  about  the  brick-ponds  at  Madingley,  Cambridgeshire,  in 
May,  1936.  Here  several  hundred  adults  as  well  as  larvae  of 
several  stages  were  taken.  Dryops  luridus  Er.  seems  to  have  a 
definite  preference  for  stagnant  water,  for  though  much  collect¬ 
ing  has  been  done  by  me  in  the  Cam  and  other  streams  in 
Cambridgeshire,  no  specimens  were  collected  elsewhere  than  in 
or  by  the  sides  of  ponds.  The  adult  is  dorsally  and  ventrally 
clothed  with  hydrofuge  hairs,  so  that  when  it  submerges  it  is 
entirely  surrounded  by  a  film  of  air.  So  far  as  I  know,  certain 
groups  of  the  family  Dryopidae  are  the  only  aquatic  beetles 
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which  carry  a  film  of  air  entirely  surrounding-  the  body.  During 
the  day  the  adults  are  generally  to  be  found  below  the  surface 
of  the  water  clinging  to  plants  and  stones.  If  the  plants  or 
stones  are  disturbed  they  release  their  hold  and  immediately 
float  to  the  surface.  If  disturbed  further  they  will  often  take 
flight  from  the  surface  of  the  water,  even  if  it  be  swirling 
violently,  in  a  manner  similar  to  that  of  other  Dryopids  such  as 
Lara  avara  Lee.  which  was  observed  by  Darlington  (1929, 
p.  331)  in  the  state  of  Washington  and  by  myself  in  California 
at  Riverton,  El  Dorado  Co.,  in  1930,  and  at  Douglas  St., 
Tuolumne  Co.,  in  1931.  Hexanchorus  gracilipes  Sharp  was 
seen  by  me  behaving  in  the  same  manner  at  T emascaltepec, 
Mexico,  in  1934,  as  also  have  several  species  of  Heterocera 
and  an  aquatic  Staphylinid.  Probably  many  small  beetles  which 
fail  to  break  the  surface  film  because  of  their  light  weight  or 
hydrofuge  hairs  are  able  to  take  flight  from  the  surface  of 
the  water. 

During  the  day  the  imagines  usually  remain  (as  pointed  out 
by  Brocher,  1913,  p.  226,  for  D .  auriculatus  Geoffr.)  in  the  water 
and  at  night  come  to  the  surface  and  fly  about.  A  number  of 
adults  were  kept  in  the  laboratory.  They  were  fed  on  fresh  and 
partly  decayed  leaves  of  a  water  mint,  Mentha  sp.  I  have 
observed  the  adults  copulating  both  in  and  out  of  the  water. 
Eggs  were  laid  from  May  to  July.  The  number  of  eggs  per 
female  was  not  determined.  Some  eggs  were  found  at  the 
bottom  of  the  jar,  but  most  were  inserted  —  several  almost 
touching  each  other,  or  singly  —  into  fresh  or  partly  decayed 
leaves  and  stems  of  the  water  mint.  The  normal  manner  of 
oviposition  is  to  insert  the  egg  in  plant  tissue.  In  crowded  con¬ 
ditions  the  eggs  are  often  laid  free  in  the  water  and  fall  to  the 
bottom  of  the  jar.  In  the  laboratory  all  eggs  were  laid  under 
water.  Mr.  A.  W.  Rymer  Roberts  has  given  me  several  larvae 
collected  by  him  from  damp  and  partly  decayed  sods  in  a  garden 
at  Windermere.  Since  this  locality  was  not  close  to  water,  it  is 
probable  that  D.  luridus  will  oviposit  in  damp  places  some  dis¬ 
tance  from  water,  and  since  the  larvae  were  in  their  last  instar, 
it  seems  that  the  entire  life-cycle  may  take  place  out  of  the 
water.  Brocher  (1913,  p.  227)  has  observed  the  adults  of  D.  auri¬ 
culatus  Geoffr.  ovipositing  in  moist  places  out  of  the  water. 

The  egg  (text-fig.  10),  which  is  oblong-oval,  white,  and  with¬ 
out  markings  on  the  surface  (when  viewed  under  a  magnification 
of  x  144),  takes  about  fifteen  days  to  hatch.  So  far  the  only 
record  which  exists  of  the  incubation  period  of  the  egg  of 
another  species  of  the  family  is  that  of  West  (1929),  who  found 
the  eggs  of  Psephenus  leconiei  Lee.  took  about  seventeen  days 
to  hatch.  I  have  reared  Limnius  tuberculatus  Mull,  (collected 
at  Wicken  Fen)  in  the  laboratory  and  find  the  incubation  period 
of  the  eggs  to  be  about  ten  days.  An  incubation  period  of  about 
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Text-figs.  2. — Ventral  face  of  right  maxilla  of  D.  luridus ;  setae  correctly 
placed.  3. — Dorsal  view  of  left  antenna  of  same  species.  4. — Dorsal  view 
of  labrum,  clypeus,  and  front  of  head  of  same.  5. — Ventral  view  of  labium 
of  same  species ;  setae  of  prementum  drawn  in  for  general  appearance ; 
setae  of  postmentum  accurately  drawn. 


this  duration  is  common  among  unrelated  families  of  water- 
beetles  belonging  to  the  suborder  Adephaga.  For  example,  in 
the  Dytiscidae,  the  incubation  period  of  the  egg  of  Hyphydrus 
ovatus  L.  is  eleven  days,  of  Hygrotus  versicolor  Schall.  five 
days,  of  H.  inaequalis  F.  eleven  days,  of  Graptodytes  pictus  F. 
nine  days,  and  of  Laccophilus  obscurus  Panz.  about  fourteen 
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Text-figs.  6. — External  view  of  right  front  leg  of  D .  luridus  to  show  chaeto- 
taxy.  7.- — Left  side  of  head  of  same  species  to  show  distribution  of  eye 
elements.  8. — Ventral  view  of  right  mandible  of  same  species  slightly  in¬ 
clined  to  the  left.  9.— -Inner  view  of  apex  of  right  mandible  of  the  same 
species.  10. — Outline  of  egg  of  same.  11, — A  small  section  of  posterior 
dorsal  portion  of  cuticle  of  fifth  abdominal  segment  of  same  species. 


days.  In  the  Gyrinidae,  the  egg"  of  Gyrinus  ?  sp.  takes  eleven 
days  to  hatch,  and  in  the  Haliplidae  the  eggs  of  Haliplus  ?  sp. 
takes  ten  days. 

Though  the  imago  of  Dryops  luridus  has  been  known  for 
nearly  a  century  in  Europe,  and  since  1908  (Edwards,  1908)  in 


72 


[November, 


Britain,  nowhere,  in  the  mass  of  literature  that  has  accumulated 
concerning-  this  species,  does  any  mention  of  the  immature 
stages  appear.  The  larvae  of  other  species  of  the  genus  have 
been  described,  but  at  the  time  of  writing  no  good  figures  exist 
of  any  species  of  the  genus.  In  1913  Brocher  (p.  228)  gave  a 
generalised  figure  of  D.  auriculatus  Geoff r.  under  the  name  of 
Parnus  prolificornis  F.  In  1929  Boving  (Plate  IX)  figured  the 
larva  of  D.  auriculatus.  This  figure  differs  from  Brocher’s 
figure  of  the  same  species  in  two  important  characters  :  anal 
gills  are  figured,  and  the  head  is  shown  to  have  only  one  large 
ocellus  on  each  side.  These  two  characters  (which  are  absent  in 
Brocher’s  auriculatus  and  my  luridus)  are  not  inaccuracies  of 
the  figure,  for  they  are  mentioned  in  the  text.  In  1931  Boving 
and  Craighead  (Plate  71)  figure  in  some  detail  the  larva  of 
D.  auriculatus .  Here  also  are  anal  gills  and  a  single  ocellus  on 
each  side  of  the  head.  Brocher’s  figures  and  description,  as  far 
as  they  go,  agree  in  generic  characters  with  material  reared  in 
the  laboratory  as  D.  luridus.  I  have  no  reason  to  doubt  the 
correctness  of  his  determination.  Boving’s  and  Boving  and 
Craighead’s  figures  and  descriptions  of  auriculatus  differ  so 
strikingly  (but  only  on  account  of  the  two  characters  mentioned 
above)  from  Brocher’s  and  my  material,  that  I  would  place  their 
species  in  another  genus  were  it  not  for  the  fact  that  the  figure 
(1931,  Plate  71,  figure  W)  of  the  leg  (unfortunately,  they  have 
omitted  to  tell  us  what  leg  and  which  view  they  have  figured) — 
presumably  the  front  leg — agrees  so  closely  in  chaetotaxy  with 
the  front  leg  of  D.  luridus  (text-fig.  6)  that  it  can  scarcely  indi¬ 
cate  anything  but  a  close  specific  relationship,  which,  indeed,  is 
shown  by  a  study  of  the  imagines,  for,  as  pointed  out  by  Gangl- 
bauer  (1904,  p.  105)  and  Edwards  (1908,  p.  102),  they  can  only 
be  separated  satisfactorily  by  a  study  of  the  male  genitalia.  All 
this  tends  to  show  that  the  determination  of  their  material  as 
auriculatus  is  correct.  I  am  inclined  to  believe  that  Boving  and 
Boving  and  Craighead  described  and  figured  auriculatus  from 
material  in  such  poor  condition  that  anal  gills  and  a  single 
ocellus  on  each  side  of  the  head  appeared  to  be  there.  This 
explanation  is  further  supported,  if  only  in  an  indirect  way,  by 
a  consideration  of  the  fact  that  at  the  time  of  writing  their 
papers  these  authors  knew  of  no  species  in  the  subfamily 
Dryopinae  that  did  not  have  a  single  ocellus  on  each  side  of  the 
head  and  no  species  in  the  family  without  anal  or  ventral  gills. 

Eclosion  takes  place  by  rupturing  the  chorion  by  body  move¬ 
ments.  Two  or  more  days  before  eclosion  the  larva  may  be  seen 
frequently  to  shift  to  a  slight  extent  its  position  inside  the  egg. 
It  often  actively  moves  its  legs  and  mouth-parts.  No  special 
apparatus  exists  for  breaking  the  chorion  as  has  been  observed 
for  other  beetles  such  as  Dytiscus.  Probably  no  fluid  is  secreted, 
for  if  the  egg  be  marked  it  is  found  to  break  open  at  places 
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where  the  head  of  the  larva  has  not  been.  On  emerging,  the 
larva  usually  begins  to  tunnel  in  the  partly  decayed  stem  or  leaf 
in  which  the  egg  was  laid.  The  larvae,  both  in  nature  and  in 
captivity,  seem  to  prefer  partly  decayed  plant  tissue.  The  dura¬ 
tion  of  the  life-cycle  and  the  number  of  instars  has  not  been 
determined,  nor  have  I  been  able  to  obtain  pupae.  I  believe  a 
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Text-figs  12. — Enlarged  section  of  last  segment  of  D.  luridus  (same  speci¬ 
men  as  text-fig.  1);  arrow  indicates  right  hand  side;  right  side  shows 
normal  chaetotaxy  of  this  species.  13. — -Ventral  view  of  the  operculum  of 
the  same  species.  14. — Ventral  view  of  abdominal  segments  2-7  of  same 
species ;  setae  are  correctly  placed ;  shading  to  indicate  position — nothing 
more — of  sculpture  (c/.  text-fig.  11). 

complete  life-cycle  probably  requires  two  years.  West  (1929, 
p.  18)  points  out  that  in  all  probability  the  life-cycle  of  Psephenns 
lecontei  Lee.  requires  two  years  in  northern  latitudes. 

On  hatching  the  larva  is  1-12  mm.  long  and  0-15  mm.  broad. 
It  differs  in  no  important  external  morphological  characters  from 
the  last  stage  larva,  so  that  a  description  of  the  latter  will,  ex¬ 
cept  for  size,  apply  to  the  larva  of  any  instar. 
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Text-figs.  15, — Ventral  view  of  tracheal  system  of  abdomen  of  D.  luridus  ; 
finest  branches  are  not  correct  in  all  cases.  16. — Dorsal  view  of  tracheal 
system  of  eighth  abdominal  segment  of  same  species.  17. — Lateral  view  of 
segments  4-6  of  same  species  to  show  tracheal  system  ;  finest  branches  are 
not  correct  in  all  cases.  18. — Dorsal  view  of  a  spiracle  of  fifth  abdominal 
segment  of  same  species. 


Description  of  Mature  Larva. 

Length,  8-90  mm.  ;  breadth  (across  broadest  point  which  is 
near  base  of  prothorax),  0-90  mm.  ;  parallel,  cylindrical.  Cuticle 
moderately  pale  brownish-testaceous  with  posterior  portion  of 
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each  segment  except  last  and  anterior  portion  of  prothorax  and 
head  slightly  darker.  Head  slightly  longer  than  broad  (0-62  mm.  : 
0-55  mm.)  and  capable  of  being  retracted  for  about  half,  or 
slightly  more,  of  its  length  into  prothorax.  Epicranial  and 
frontal  sutures  effaced  (when  specimen  is  cleared  in  potash  they 
are  visible  and  complete) ;  cuticle  nearly  smooth,  but  under  high 
power  with  numerous  fine  punctures  ;  head  exclusive  of  clypeus 
and  labrum  with  ten  prominent  setae  (cf.  text-figs.  1  and  7)  ; 
clypeus  and  labrum  with  the  principal  setae  as  figured  (text- 
fig.  4)  and  with  a  few  very  short,  inconspicuous  setae  on  anterior 
portion  of  labrum  which  have  not  been  figured.  Six  ocelli  dis¬ 
tributed  as  figured  (text-fig.  7) ;  none  appears  to  have  a  lens  as 
is  usual  for  the  ocelli  in  other  species  of  this  family.  The  antenna 
is  as  figured  (text-fig.  3) ;  in  none  of  the  specimens  examined 
have  I  been  able  to  find  a  long,  fine  seta  on  the  stout,  outer  pro¬ 
cess  of  the  second  segment,  as  has  been  figured  for  the  allied 
species,  D.  auriculatus,  by  Boving  and  Craighead  (1931,  Plate 
71,  fig.  X).  The  mandibles  (text-figs.  8  and  9)  of  both  sides 
are  similar ;  they  are  unusual  for  this  family  in  that  they 
do  not  possess  a  prostheca.*  The  maxilla  is  as  figured  (text- 
fig.  2)  but  the  cardo-stipal  suture  is  very  nearly  effaced.  The 
labium  is  as  figured  (text-fig.  5).  Pronotum  finely,  shallowly, 
and  irregularly  punctate,  the  punctures  being  separated  by  less 
than  to  five  or  more  times  their  diameters  ;  posterior  and  anterior 
margin  with  a  band  of  sculpturing  similar  to  that  shown 
enlarged  in  text-fig.  11  ;  on  each  side  with  six  setae  of  which 
four  are  figured  (text-fig.  1),  the  two  others  being  on  basal  half 
of  segment  near  lateral  margin  so  that  they  cannot  be  seen  from 
a  dorsal  view.  Mesonotum  punctate  as  pronotum,  but  with  only 
a  basal  band  of  sculpturing ;  on  each  side  with  five  setae  of 
which  three  are  figured  (text-fig.  1),  the  two  others  too  lateral 
to  be  seen  from  a  dorsal  view.  The  fourth  is  just  opposite  and 
lateral  to  posterior  portion  of  spiracle,  and  the  fifth,  which  is 
about  a  third  longer,  is  close  to  but  slightly  posterior  and 
lateral  to  fourth.  Metanotum  punctate  and  sculptured  as  meso¬ 
notum  and  with  five  setae  on  each  side  in  similar  positions. 
Abdominal  segments  one  to  five  with  punctures  and  posterior 
margin  similar  to  metanotum ;  each  with  five  setae  of  which  the 
two  dorso-lateral  are  shown  in  text-fig.  1  and  one  lateral  and 
two  ventral  in  text-fig.  14  (the  most  lateral  seta  of  this  figure  is 
equal  to  the  extreme  lateral  one  of  text-fig.  1) ;  these  abdominal 
segments  have  apparently  no  differentiated  pleurae,  and  the 
sternum  is  greatly  reduced.  Abdominal  segments  six  and  seven 
punctate,  sculptured,  and  setose  as  one  to  five  but  each  with  an 

*  The  only  other  record  known  to  me  is  that  of  Pruthi  (1929)  for  an 
Indian  species  of  Helichus.  His  material — larvae  and  pupae — was  placed 
in  this  genus  by  Boving,  but  the  antennal  characters  of  the  adult,  which 
are  visible  in  the  pupa,  are  not  those  of  Helichus.  I  am  inclined  to  place 
this  species  in  the  Larinae. 
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additional  seta  on  each  side  near  median  line  (text-fig-.  14,  seta 
MV) ;  these  segments  are  entirely  sclerotized  rings,  that  is,  no 
differentiated  sternum  or  pleurum  is  visible.  Eighth  abdominal 
segment  similar  to  sixth  and  seventh,  but  on  dorsal  surface  with 
an  extra  seta  on  each  side  slightly  anterior  to  spiracle  (text-fig. 
1).  Ninth  abdominal  segment  punctate  as  eighth,  but  without 
the  sculpturing  of  the  latter  (text-figs.  1  and  12) ;  ventral  side 
with  the  operculum  setose  as  figured  (text-fig.  13),  and  with  a 


19 

Text-fig.  19. — Musculature  of  last  abdominal  segment  of  D.  luridus ;  the 
three  muscles  in  group  ‘A’  lie  flat  on  ventral  surface  and  are  inserted  at 
about  the  middle  of  the  operculum  ;  muscles  of  group  ‘  B  ’  (apparently  one 
large  and  four  small  ones)  arise  from  the  anterior  dorsal  margin  of  the  seg¬ 
ment  and  are  inserted  into  a  heavily  sclerotized  rod  which  is  in  the  basal 
portion  of  the  membrane  of  the  claw;  muscles  of  group  ‘  C,’  three  in 
number,  arise  on  the  anterior  dorso-lateral  margin  of  the  segment  and  are 
inserted  on  the  sides  of  the  operculum. 

single  seta  on  each  side  slightly  lateral  to  outer  end  of  basal 
margin  of  operculum  and  about  half-way  between  this  basal 
margin  and  anterior  margin  of  the  segment.  On  inner  ventral 
side  of  operculum  are  two>  feeble  claws.  For  the  musculature  of 
these  claws  and  the  operculum  see  text-fig.  19.  There  are  no 
muscles  to  open  the  operculum  ;  all  the  muscles  in  the  seg¬ 
ment  either  directly  or  (claw  muscles)  indirectly  acting  to  close 
it.  The  operculum  is  opened  probably  by  a  tension  in  the  hinge 
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Text-figs.  20. — Dorsal  view  of  ventral  nervous  system  of  D.  luridus.  21. — 
Dorsal  view  of  alimentary  canal  of  the  same  species.  22. — Dorsal  view  of 
the  brain  and  suboesophageal  ganglion  of  the  same ;  the  brain  is  pushed 
forwards  to  lie  on  the  same  plane  as  the  suboesophageal  ganglion  so  that 
the  connection  with  the  latter  may  be  seen.  23. — Lateral  view  of  the  brain, 
suboesophageal  ganglion,  and  the  three  thoracic  ganglia  of  the  same ;  the 
oesophagus  is  shown  passing  beneath  the  brain. 

or  blood  pressure  in  the  tissue  surrounding*  the  rectum.  Legs 
are  all  somewhat  similar  to  front  leg  (text-fig.  6). 

The  spiracles  are  lateral  except  for  the  ninth,  which  is  dorsal 
(text-fig.  16).  The  mesothoracic  and  abdominal  spiracles  are 
similar.  Each  spiracle  is  biforous  with  the  opening  (O)  on  each 
side  narrow  and  long  and  transversed  by  numerous  fine  cuti- 
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cular  processes  ;  each  has  a  triangular  stigmatic  scar  (A),  and 
each  a  small,  triangular  emargination  (N)  which  takes  up  stain 
(Ziehl’s  carbol-fuchsin)  very  readily.  I  have  not  been  able  to 
discover  any  closing  mechanism.*  The  abdominal  tracheal 
system  is  as  figured  (text-figs.  15,  16  and  17). 

The  ventral  nervous  system  is  as  figured  (text-figs.  20,  22 
and  23).  There  was  a  considerable  variation  in  the  three  speci¬ 
mens  dissected  with  regard  to  the  approximation  of  the  first 
thoracic  ganglion  to  the  suboesophageal,  one  having  the  two 
separated  about  three  or  four  times  as  much  as  that  of  the 
specimen  figured.  The  last  abdominal  ganglion  is  probably 
composed  of  the  eighth  and  ninth  ganglia. 

There  are  apparently  no  salivary  glands.  The  absence  of 
salivary  glands  has  been  noted  in  this  family  for  the  adults  of 
Elmis  and  Macronychus  by  Dufour  (1835).  For  the  larva  of 
Potamophilus  acuminatus  F.,  Dufour  (1862)  has  described  and 
figured  a  structure  which  he  says  is  either  the  salivary  glands 
or  fatty  tissue.  From  his  description  and  figure  and  also  be¬ 
cause  the  other  members  of  this  family,  so  far  as  is  known, 
have  no  salivary  glands,  I  believe  P.  acuminatus  has  none. 
The  alimentary  canal  is  as  figured  (text-fig.  21).  There  are  six 
malpighian  tubes.  In  the  figure  the  length  of  the  tubes  is  only 
approximately  correct. 
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Historical  Introduction. 

The  earliest  reference  to  any  species  of  the  present  genus 
Calosoma  is  that  of  Reaumer  (1736),  who  gives  an  interesting 
description  of  the  habits  of  a  black  worm  and  scarab  ;  it  is 
almost  certain  that  he  refers  to  the  larva  and  adult  of  Calo¬ 
soma  sycophanta  L.  respectively. 

Rolander  (1750)  gives  this  description  :  ‘  Carabus  alatus  > 

viridi-aeneus  :  elytris  convexe  punctatis  striatisque,  pedibus 
antennisq  nigris  ’  ;  there  is  no  doubt  that  he  is  considering 
Calosoma  inquisitor  L.  Linnaeus  (1758)  gives  his  original  de¬ 
scription  under  Carabus  :  ‘  C.  elytris  striatis  viridi-aeneis : 

punctis  triplici  ordine.’  Until  1801,  nearly  all  writers  referred 
to  this  species  as  Carabus  inquisitor,  but  Geoffroy  (1762)  alludes 
to  it  as  ‘  Le  bupreste  quarre  couleur  de  bronze  antique,’  Four- 
croy  (1785)  as  Buprestis  antiquus,  and  Voet  (1793)  as  Buprestis 
sycophanta  minor. 

In  1801,  Weber  subdivided  the  Linnaean  genus  Carabus 
into  Carabus  s.  str.  and  Calosoma,  the  latter  name  being  de¬ 
rived  from  the  Greek  words  koAo?,  meaning  beautiful,  and  o-m/jl a 
meaning  body.  Four  species  ( Calosoma  sycophanta,  inquisitor, 
alternans,  reticulatus)  were  included  in  the  genus  Calosoma,  of 
which  Calosoma  sycophanta  was  selected  as  the  genotype  by 
Latreille  (1810). 

The  genus  Calosoma  Web.  has  subsequently  been  divided 
into  numerous  sub-genera,  accounts  of  which  are  given  in 
Breuning  (1927),  Csiki  (1927)  and  Lapouge  (1929). 

Age;  and  Fossil,  Record. 

Burgeon  (1933)  states  that  the  occurrence  of  two  species 
both  in  Australia  and  in  South  America  leads  to  the  supposi¬ 
tion  that  the  genus  Calosoma  is  a  very  ancient  one.  Fossils 
are  known  as  early  as  the  Oligocene  and  Upper  Miocene  (Heer, 
1861). 

Geographical  Races. 

A  number  of  geographical  races  and  varietal  forms  of  Calo¬ 
soma  inquisitor,  chiefly  based  on  difference  in  colour,  have  been 
recognized  in  recent  years.  Their  main  distinguishing  char¬ 
acteristics  and  geographical  distribution  are  briefly  indicated 
below,  except  in  a  few  instances  marked  with  an  asterisk, 
where  information  on  either  or  both  these  subjects  is  not  avail¬ 
able  to  the  writer.  With  the  possible  exception  of  Calosoma 
inquisitor  cyanescens ,  which  Lapouge  (1929)  considers  to  be 
a  distinct  species,  and  the  Caucasian  races  which  possess  only 
three  dilated  protarsal  segments  in  the  male  instead  of  the  nor¬ 
mal  four,  there  can  be  little  doubt  that  these  are  all  forms  of 
inquisitor. 
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C.  inquisitor  inquisitor  var.  viridi-mar  ginatum  Letz. 

Copper  brown  with  bright  green  margins.  Central  Europe. 

Letzner  (1850)5  Jakobson  (1906) ,  Kuhnt  (1912-13) ,  Reitter 
(1908),  Breuning  (1927),  Csiki  (1927). 

C.  inquisitor  inquisitor  var.  obscurum  Letz. 

Elytra  entirely  black  with  coppery  or  greenish  margins. 
Central  Europe. 

Letzner  (1850),  Schilsky  (1889),  Jakobson  (1906),  Breun¬ 
ing  (1927) ,  Csiki  (1927). 

C.  inquisitor  inquisitor  var.  coeruleum-mar ginatum  Letz. 

Elytra  black  with  blue  margin.  Central  Europe. 

Letzner  (1850),  Schilsky  (1889)5  Jakobson  (1906),  Breun¬ 
ing  (1927)5  Csiki  (1927). 

C.  inquisitor  inquisitor  var.  coeruleum  Letz. 

Blackish-blue.  All  Europe  and  as  far  as  Siberia. 

Letzner  (1850),  Lomnicki  (1894),  Reitter  (1896,  1908), 
Jakobson  (1906),  Kuhnt  (1912-13),  Porta  (1923), 
Breuning  (1927) ,  Csiki  (1927) ,  Luchnik  (1931). 

•C.  inquisitor  inquisitor  var.  various  Letz. 

Pronotum  more  or  less  green,  elytra  blue.  Central  Europe. 

Letzner  (1850),  Jakobson  (1906),  Csiki  (1908,  1927),  Kuhnt 
(1912-13) ,  Breuning  (1927). 

C.  inquisitor  inquisitor  var.  nigrum  Letz. 

Black.  Central  Europe. 

Letzner  (1850),  Schilsky  (1889),  Jakobson  (1906),  Csiki 
(1908,  1927),  Kuhnt  (1912-13),  Breuning  (1927),  Luch¬ 
nik  (1931). 

i*  C.  inquisitor  inquisitor  var.  obscura  Torre. 

Black. 

Torre  (1877),  Jakobson  (1906),  Breuning  (1927),  Csiki 
(1927). 

*  C.  inquisitor  inquisitor  var.  nuda  Torre. 

Coppery  without  blue  margin. 

Torre  (1877),  Schilsky  (1889),  Jakobson  (1906),  Breuning 
{1927),  Csiki  (1927). 

C.  inquisitor  inquisitor  var.  pulchra  Torre. 

Coppery  with  blue  margin. 

Torre  (1877),  Schilsky  (1889),  Jakobson  (1906),  Breuning 
(  J927)  >  Csiki  (1927). 

C.  inquisitor  inquisitor  var.  violaceum  Westhoff. 

Blue.  Holland  and  all  Europe  as  far  as  Siberia. 

Westhoff  (1882),  Heyden,  Reitter  and  Weise  (1883),  Everts 
(1898),  Jakobson  (1906),  Reitter  (1908)  ,  Csiki  (1927). 
inquisitor  inquisitor  var.  funerea  Rag. 

Sicily. 

Ragusa  (1905),  Jakobson  (1906),  Porta  (1923),  Breuning 
(r927) • 
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Calosoma  inquisitor  cupveum  Dej. 

Copper-brown  with  greenish  lustre  ;  only  three  dilated  pro- 
tarsal  segments  in  male.  Caucasus,  Polonia,  Roumania, 
Serbia  and  South  Russia. 

Dejean  (1826,  1837),  Fischer  (1825-28),  Chaudoir  (1846)  > 
Gaubil  (1849},  Motschulsky  (1850,  1865),  Marseul 

(1867),  Gemminger  and  Harold  (1868),  Gehin  (1876), 
Kraatz  (1877),  Stein  and  Weise  (1877),  Hey  den,  Reitter 
and  Weise(i883,  1906),  Reitter (1896) ,  Roeschke  (1896), 
Semenov  (1898),  Apfelbeck  (1904),  jakobson  (1906), 
Luchnik  (1910,  1931),  Zaitzev  (1918),  Breuning  (1927), 
Csiki  (1927),  Lapouge  (1929). 

C.  inquisitor  cupreum  var.  reticulatum  Steven. 

Strongly  rugose.  Georgia. 

Fischer  (1825-28),  Dejean  (1837),  Gaubil  (1849),  Kraatz 
(1877),  Gemminger  and  Harold  (1868). 

C.  inquisitor  cupreum  var.  viridescens  Rtt. 

Bronze  with  green  only  on  sides.  Caucasus. 

Reitter  (1896),  Roeschke  (1896),  Semenov  (1898),  Heyden,. 
Reitter  and  Weise  (1906),  Jakobson  (1906),  Luchnik 
(1910,  1931),  Kuhnt  (1912-13),  Breuning  (1927),  Csiki 
(}927)  ■ 

C .  inquisitor  clathratum  Kol. 

Black  and  blue,  only  three  dilated  protarsal  segments  in  male. 
Caucasus,  Georgia,  South  Russia,  Tauria,  West  Persia. 

Kolenati  (1845),  Motschulsky  (1850,  1865),  Marseul  (1867), 
Gehin  (1876),  Kraatz  (1877),  Heyden,  Reitter  and  Weise 
(1883,  1906),  Reitter  (1896),  Roeschke  (1896),  Semenov 
(1898),  Lapouge  (1904,  1912,  1929),  Jakobson  (1906), 
Luchnik  (1910,  1931),  Breuning  (1927),  Csiki  (1927). 

C.  inquisitor  cyanescens  Motsch. 

Black.  Only  three  dilated  protarsal  segments  in  male. 
Caucasus,  Siberia,  region  of  the  R.  Amur  and  Usuri. 

Motschulsky  (1850,  1859,  1865),  Marseul  (1867),  Kraatz 
(1878),  Heyden  (1880),  Csiki  (1927),  Lapouge  (1929), 
Luchnik  (1931). 

*  C.  inquisitor  cyanescens  var.  denserugatum  Geh. 

Gehin  (1885),  Jakobson  (1906),  Breuning  (1927),  Csiki 

(1927)- 

C.  inquisitor  punctiventre  Reiche. 

Coppery-green.  Greece. 

Reiche  and  Saulcy  (1855),  Strauch  (1861),  Motschulsky 
(1865),  Marseul  (1866,  1867),  Gemminger  and  Harold 
(1868),  Gehin  (1876),  Kraatz  (1877),  Stein  and  Weise 
(1877),  Heyden,  Reitter  and  Weise  (1883,  1906),  Reitter 
(1896),  Apfelbeck  (1904),  Jakobson  (1906),  Breuning 
(1927),  Csiki  (1927),  Lapouge  (1929). 

C.  inquisitor  punctiventre  var.  coeruleum  Rag. 


83 


1936-] 

Blue.  Galicia,  Sicily. 

Ragusa  (1883,  1905),  Lornnicki  (1894),  Jakobson  (1906), 
Breuning  (1927),  Csiki  (1927). 

C.  inquisitor  jaccardi  Heer. 

Upper  Miocene  fossil. 

Heer  (1861),  Breuning  (1927),  Lapouge  (1929). 

C.  inquisitor  batnense  Lall. 

Olive-green.  Algeria,  Tunisia. 

Lallemant  (1868),  Bedel  (1895),  Jakobson  (1906),  Breuning 
(1927),  Csiki  (1927),  Lapouge  (1929). 

C.  inquisitor  viridulum  Kr. 

Green.  Asia  Minor,  Syria. 

Kraatz  (1877),  Jakobson  (1906),  Breuning  (1927),  Csiki 
(1927),  Lapouge  (1929). 

C.  inquisitor  viridulum  var.  cupreofulgens  Chapm. 

Blue  head,  blue-green  prothorax,  copper-bronze  elytra. 
Syria. 

Chapman  (1912),  Breuning  (1927) ,  Csiki  (1927). 

C.  inquisitor  comanense  Lap. 

Copper-brown  and  green.  Roumania. 

Lapouge  (1930). 

Common  names,  mainly  German,  by  which  Calosoma 
inquisitor  has  been  designated,  are  : — 

Aufpaffer,  Aufspahender  Schonkafer,  Aufsucher,  Callisoma, 
Hascher,  Kallosoma,  Kletterlaufkafer,  Raupenjagende, 
Raupenjager,  Raupjager,  Rupsenjager,  Schonkafer, 
Schonlaufkafer,  Schonlieb,  Schonliebkafer,  Spurkafer. 

Distribution. 

Burgeon  (1933)  records  the  distribution  of  ninety-three 
species  of  Calosoma,  thereby  demonstrating  a  world-wide  fre- 


quency  of  the  genus  Species. 

Tropical  Africa  -  -  -  -  -  -14 

Tropical  Africa  and  Madagascar  -  -  1 

Africa  and  Asia  ------  1 

Africa  and  Eurasia  1 

Madagascar  ------  2 

North  Africa  and  western  Asia  3 

Eurasia  -------  4 

Europe  4 

East  Asia  -------  6 

West  and  central  Asia  -----  7 

India  --------2 

Australia  -------  2 

North  America  ------  22 

Mexico  -  -  -  -  -  -  -11 

Antilles  1 

South  America  -  -  -  -  -  -12 


84 


[November, 


The  sub-genus  Calosoma  s.  str.  is  found  universally  except 
in  South  America,  and  the  species  Calosoma  inquisitor  is  con¬ 
fined  to  Europe,  Asia  and  north  Africa.  Calosoma  inquisitor 
inquisitor  is  restricted  to  central  and  eastern  Europe,  and  is, 
with  very  rare  exceptions,  such  as  the  blue  aberration  of  Jen¬ 
nings  (1902)  and  ab.  coeruleum  Letz.  and  ab.  viridi-marginatum 
Letz.  taken  by  A.  Ford  in  the  New  Forest  (W.  J.  Fordham 
in  liftt .),  the  sole  representative  of  the  species  in  Great  Britain, 
where  it  occurs  fairly  frequently  although  somewhat  localized. 

The  Forest  of  Dean,  the  New  Forest  and  Hainault  Forest 
are  three  areas  in  which  it  has  been  observed  the  most  abun¬ 
dantly.  It  has  not  been  captured  further  north  than  Grange, 
Borrowdale,  in  Cumberland,  where  Mr.  F.  T.  Carter  took  one 
in  June,  1907,  and  Tilberthwaite,  near  Coniston,  in  Lancashire, 
where  Grace  (1919)  found  four  females.  It  has  only  been  re¬ 
corded  on  one  occasion  in  Ireland  :  at  Powerscourt,  Co. 
Wicklow. 

The  following  lists  show  the  distribution  of  Calosoma. 
inquisitor ;  authors  and  references  are  bracketed  after  the  cor¬ 
responding  localities. 

Algeria.  Foret  de  Batna,  Henon  (G.  Allard  in  Bedel,  1895). 
Batna,  Letourneaux,  Henon  (Reiche,  1872).  Berouaghia 
(Anecy)  ;  Djebel  Aur£s,  Valley  of  Medino,  at  the  foot  of  Djebel 
Chalia  (H.  de  la  Perraudiere)  ;  Foret  de  Teniet-el-Had  ;  Col. 
de  Tizi-Franco,  between  Milianah  and  Cherchell  (Jouvenot,  coll. 
Sedillot)  ;  (Bedel,  1895). 

Asia  Minor.  (Bedel,  1895).  Adana  (coll.  Breuning)  ;  Ali- 
Hotscha  (Bodemeyer)  ;  Amasia  (Korb)  ;  Bulghar  Maaden 
(Bodemeyer)  ;  (Breuning,  1927). 

Austria.  Linz  (Duftschmid,  1812).  St.  Leonhard,  Styria 
(Brancsik,  1871). 

Belgium.  Groenendael ;  Foret  de  Murdael ;  Waterloo; 
(Borre,  1881). 

British  Isles.  England  and  Wales.  Berkshire  : — Bagiev 
Wood  (F.  W.  Hope,  1820,  1821,  1822;  MS.  in  Marsham  (1802) 
in  Hope  Library)  ;  (Shipp,  1893)  ;  (F.  W.  Lambert,  1895, 

1896,  1897;  A.  H.  Hamm,  1918;  in  coll.  J.  Collins)  ;  (B.  Tom¬ 
lin,  1895  ;  W.  Holland,  1897,  in  Hope  Coll.).  First  recorded  by 
Dawson  (1854).  Burghfield  (C.  S.  Bird,  1834),  also  recorded 
by  Curtis  (1823-40)  and  Stephens  (1839).  Windsor  Forest  (H. 
Griesbach  in  Curtis,  1823-40).  First  recorded  by  Samouelle 
(1819),  also  recorded  by  Brewster  (1830).  Cambridgeshire  : — 
Gamlingay  (Wollaston,  in  litt.  G.  J.  Kerrich).  White  Wood, 
Tetworth  (Dawson,  1854).  Carmarthen  : — Stott  (1894).  Cum¬ 
berland  : — Grange,  Borrowdale  (F.  T.  Carter,  1907,  in  coll.  S. 
Campbell).  Devonshire  : — Ivybridge  (Fowler,  1906).  Tavistock 
(W.  E.  Leach  in  Brewster,  1830).  Essex  : — Chingford  (Bow¬ 
man,  1919).  Epping  Forest  (Dollman,  1910).  First  recorded 
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by  Curtis  (1823-40),  Stephens  (1828).  Hainault  Forest  (Nor¬ 
man,  1844).  (E.W.  Janson,  1853,  in  coll.  O'.  E.  Janson).  First 
recorded  by  Stephens  (1839).  Gloucestershire : — Forest  of 
Dean  (Hodgson,  1879-80,  1882).  Hampshire  : — -Alton  (F.  J. 
Killington  in  litt,) .  Baddesley  (F.  J.  Killington  in  litt.) . 
Bishopstoke  Woods  (E.  T.  Hayward  in  litt.).  Chandler’s 
Ford  (F.  J.  Killington  in  litt.).  New  Forest  (Gulliver,  1889, 
in  Eur.  Coll.  Brit.  Mus.)  (Chitty,  1892)  (Bryant,  1890,  in  W.  J. 
Fordham  in  litt.)  (Donisthorpe,  1895)  (A.  R.  Heath,  1895, 
Hope  Coll.)  (Bouskell,  1896)  (Tremayne,  1897)  (Jennings, 
1898)  (Gillespie,  1903)  (Thoules,  1903)  (1904,  in  Eur.  Coll. 

Brit.  Mus.)  (Ellis,  1905)  (Walker,  1917)  (South,  1918)  (blue 
ab.  Priske,  1919)  (Jones,  1921)  (J.  J.  Walker,  1923,  in  coll.  J. 
Collins)  (Blenkarn,  1924)  (T.  Stainforth,  1930,  in  W.  J.  Ford- 
ham  in  litt.)  (ab.  coeruleum  and  ab.  viridi- marginatum.  A.  Ford 
in  W.  J.  Fordham  m  litt.).  Beaulieu  Road  (F.  J.  Killington 
in  litt,.).  Linwood  and  Redshoot  Woods,  Bratley  (F.  H.  Haines 
in  litt.).  Brockenhurst  (blue  ab.,  F.  B.  Jennings  and  R.  W. 
Lloyd  in  Jennings,  1902)  (Black,  1925).  Brockenhurst  (in  Eur. 
Coll.  Brit.  Mus.).  Nr.  Hythe  '(Ford,  1896).  Lyndhurst  (E.  T. 
Hayward  in  litt.).  Matley,  Longdown,  Rhamnor  (blue  ab.  P. 
Harwood  in  litt.).  (F.  C.  Woodforde,  1916,  in  Hope  Coll.). 
Queen’s  Bower  (West,  1907).  Ringwood  (Fowler,  1891) 
(Haines,  1928).  Wootton  Heath,  Wilverley  (C.  E.  Tottenham, 
1918,  in  litt.).  First  recorded  by  Dawson  (1854).  Kent  : — 
Darenth  Wood.  First  recorded  by  Curtis  (1823-40),  Stephens 
(1828).  Lancashire  : — Coniston,  near  Tilberthwaite  (Grace, 
1919).  Leicestershire  : — Near  Leicester  (Dawson,  1856).  Bud- 
den  Wood  (Plant,  1857)  (Holyoak,  1871).  Seal  Wood  (Fowler, 
1887).  London  : — Coombe  Wood.  First  recorded  by  Curtis 
(1823-40),  Stephens  (1828).  Dulwich.  First  recorded  by 
Stephens  (1839).  Bishop’s  Wood,  Hampstead  (1863,  in  coll. 
O.  E.  Janson).  Norwood  (D.  Bydder  and  W.  Weatherhead  in 
Samouelle,  1819).  Merionethshire  : — Near  Barmouth  (Jackson, 
1907).  Norfolk  : — First  recorded  by  Donovan  (1794).  St. 
Faith’s  Wood  (J.  Hooker  in  Curtis,  1823-40).  Shropshire  : — 
Smethcote  (F-  W.  Hope.  MS.  in  Marsham  (1802)  in  Hope 
Library).  Staffordshire  : — Burnt  Wood,  near  Market  Drayton 
(Chappell,  1865)  (F.  C.  Woodforde*  1918,  in  Hope  Coll.).  Near 
Burton-on-T rent  (Harris,  1865).  Suffolk  : — Battisford  (in  coll. 
Baker,  M  or  ley,  1899).  Bentley  Woods  (Baylis  and  Eaton  in 
Morley,  1899).  Ireland.  Co:.  Wicklow  : — Powerscourt  (Tardy 
in  Curtis,  1823-40,  Stephens,  1839)  (Furlong  in  Hogan,  1856). 

Bulgaria.  Kamcik,  Karlak  (Reiser),  Rhodope,  Sliven 
(Haberhauer) ,  Svistov,  Varna  (Apfelbeck,  1904). 

Corsica.  (Deville,  1906) . 

Crete.  (Coll.  Mus.  Vindob.)  (Breuning,  1927). 

Denmark.  (Pontoppidan,  1763,  1765). 
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Finland.  (Sahlberg,  1827) . 

France.  Allier  : — Bois  de  la  Brosse,  near  Montlugon  (des 
Gozis)  ;  Moulins  (Olivier);  (Fauvel,  1882).  Alsace  :  —  (Fauvel, 
1882).  Aube  : — Bois  de  Chennegy  (Le  Brun)  ;  (Bedel,  1881). 
Pont  sur  Seine  (Lourne)  ;  (Fauvel,  1882).  Basses  Alpes  :■ — Les 
Dourbes  (Bellier  de  La  Chavignerie)  ;  (Fauvel,  1882).  Basses 
Pyrenees  : — Eaux-Bonnes  (L.  Dufour)  ;  Ossau  (Pandelle) ;  (Fau¬ 
vel,  1882).  Mts.  of  La  Vallee  d’ Ossau  ;  (Dufour,  1843).  Cal¬ 
vados  : — Falaise  (Fauvel);  (Bedel,  1881).  Bois  Ferant  (Fauvel, 
1882).  Bois  de  Latour ;  Bois  de  Longpre  (Bedel,  1881). 
Moulines  (Fauvel,  1882).  Villers-s-mer  (Bedel)  ;  (Bedel,  1881). 
Cantal : — Le  Lioran  (Noel);  (Fauvel,  1882).  Cote  d’or  : — 
(Rouget)  ;  (Fauvel,  1882).  Rouvray  (Emy)  ;  (Bedel,  1881). 
Eure  : — Foret  d’Evreux  (Mocquerys) ;  (Bedel,  1881).  Gers  : — 
Auch  (Bauduer)  ;  Puycasquier  (de  Larcenne) ;  (Fauvel,  1882). 
Haute  Marne  : — Bois  de  Champigny-les-Langres  (Royer)  ; 
(Bedel,  1881).  Haute  Pyrenees: — Bois  de  Borderes ;  Lan- 
nemezan ;  Maubourguet ;  Tarbes ;  (Fauvel,  1882).  Haute 
Savoie:  —  Rumilly  (de  Manuel);  (Fauvel,  1882).  Haute 
Vienne  : — de  Condat  (Sarnie)  Limoges,  bois  de  la  Bastide 
(Degers) ;  du  Puy-Moulinier ;  (Fauvel,  1882).  Herault :  — 
(Gehin)  ;  (Fauvel,  1882).  Ille  et  Vilaine  : — Foret  de  Rennes, 
bois  de  Cice  et  de  Laille  (L.  Bleuse)  ;  Le  Four-Rouge,  near 
Rennes  (L’abbe  Michelet)  ;  (Houlbert,  1903).  Isere  : — (Fauvel, 
1882).  Jura  : — (Fauvel,  1882).  Loire  : — St.  Etienne,  Bois  de 
Solaure  (Favarcq)  ;  (Fauvel,  1882).  Loire  Inferieure:  — 
(Pradal)  ;  Astille  (R.  de  la  Perraudiere)  ;  Mayenne  (R.  de  la 
Perraudiere);  (Houlbert,  1903).  Maine  et  Loire: — Angers 
(Fauvel,  1882).  Champigny  (Gust  Abot) ;  (Houlbert,  1903). 
Foret  de  Fontevrault  et  d’Ombree  (Millet);  Gennes  ;  St.  Bar- 
thelmy ;  Saumur ;  (Fauvel,  1882).  Neighbourhood  of  Saumur 
(Gust  Abot)  (Houlbert,  1903).  Thorigne ;  Trelaze ;  (Fauvel, 
1882)  ;  common  everywhere  (Millet)  ;  (Houlbert,  1903). 
Manche  : — St.  Hilaire-du-Harcourt  (Fauvel)  ;  (Fauvel,  1882). 
Marne: — Rilly  (Bedel,  1881).  Germaine  (Lajoye).  Morbihan  : — 
Berons  (Griffith)  ;  Plandren  (Griffith)  ;  (Houlbert,  1903).  Ste. 
Anne  D’Auray  (Elphege) ;  (Fauvel,  1882).  Vannes  (Griffith); 
(Houlbert,  1903).  Moselle  : — (Fauvel,  1882).  N or d  : — Foret 
de  Raismes ;  Dunes  de  Calais  (Lethiery)  (Fauvel,  1882). 
Oise  : — Senlis  (A.  Pholin)  ;  (Bedel,  1881).  Orne  : — Domfront 
(Fauvel) ;  (Fauvel,  1882).  Pas  de  Calais  : — Calais  (Bonard)  ; 
(Bedel,  1881).  P'uy  de  Dome  : — (Baudet-Lafarge,  1836). 
Pyrenees  Orientales  : — (Pellet);  (Bedel,  1881).  La  Massane 
(Mayet)  ;  (Fauvel,  1882).  Rhone  : — (Fauvel,  1882).  Sarthe  : — 
(Desportes) ;  (Houlbert,  1903).  Seine: — Bondy  ;  Bois  de  Bou¬ 
logne;  Bois  de  Clemart ;  Vincennes  (Desmarest)  ;  (Bedel,  1881). 
Seine  et  Oise  : — Bois  de  Meudon  (Ch.  Brisout  de  Barneville) ; 
For£t  de  Marly  (Ch.  Brisout  de  Barneville)  ;  (Bedel,  1881). 
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Paris  (Latreille,  1804)  ;  (Dejean,  1821).  Pierrelaye  (Boudier)  ; 
(Bedel,  1881).  Puteaux  (Fauvel,  1882).  Foret  de  St.  Germain 
(Ch.  Brisout  de  Barneville)  ;  (Bedel,  1881).  Seine  Inferieure  : — 
Parc  de  Petit-Quevilly  (Derote)  ;  (Bedel,  1881).  Foret  de  Rou- 
mare  (Rossignol)  ;  (Fauvel,  1882).  Somme  : — Bois  de  Boves 
(Le  Com)  ;  (Bedel,  1881).  Bois  de  Caux  (Marcotte,  1852). 
Foret  de  Crecy  (d’Halloy)  ;  (Bedel,  1881).  Foret  de  Crecy  (Mar¬ 
cotte,  1852).  Bois  du  Gard  (Gamier)  ;  Bois  de  Querrieux 
(Gamier);  (Bedel,  1881).  Vaucluse  : — Avignon ;  Viaduc  de  la 
Durance  (Fabre) ;  (Fauvel,  1882).  Vosges: — (Wencker)  ; 
(Fauvel,  1882).  Yonne  : — St.  Sauveur  (Robineau-Desvoidy)  ; 
Sens  (Julliot)  ;  (Bedel,  1881).  Sens  (Loriferne)  ;  (Fauvel,  1882). 

Germany.  (Dejean,  1826).  Berlin  (Bowring),  (Ruthe),  (in 
Eur.  Coll.  Brit.  Mus.).  Halle  (Nicolai,  1822).  Heidelberg 
(Maehler,  1850).  Hildesheim  (Wilken,  1867).  Harz  Mts.  ; 
Kyffhauser  Mts.  ;  (Hornung,  1844).  Grafschaft  Hanau-Munzen- 
borg  (Bergstrasser,  1778).  Karlsruhe  (Holste,  1915).  Saxony. 
Thuringia  (Kellner,  1873).  Upper  Silesia  :  —  (Kelch,  1846). 
(Letzner,  1850).  Beneschau  ;  Bielgut  near  Oels  ;  Birnbaumel ; 
Breslau  (Promenade,  Scheitnicher  Park,  Oswitz,  Meffelwitz)  ; 
Friedeberg;  Gorlitz ;  Johannisberg ;  Kanth ;  Leignitz ;  Leob- 
schutz ;  Liffa ;  Niesky ;  Ohlan.;  Polnisch  Hammer;  Ratibor ; 
Schweidnitz  ;  Schwoitsch  ;  Strachate  near  Trefchen  ;  (Letzner, 
1850).  Wurtemburg  (Roser,  1838). 

Greece.  Aetolian  Mts.  (Kiesenwetter)  ;  Parnass  (Krupov)  ; 
Sporaden  (Reiser)  ;  (Apfelbeck,  1904). 

Holland.  (Voet,  1793).  Apeldoorn ;  Valkenburg ;  (Everts, 
1898). 

Hungary.  Papa  (Horvath). 

Italy.  (Villa,  1833).  Lombardia  (Villa,  1844).  (Griffini, 
1894) .  Bozen  ;  Haslach  ;  (Gredler,  1863) . 

Jugo-Slavxa.  Bosnia;  Herzegowina  ;  Montenegro  —  Rjeka 
(Mustajbig)  ;  Serbia  —  Goluboval  (Merkl)  ;  Majdan  (Kuts- 
chaina)  ;  Negotin  ;  Tekkia  ;  (Apfelbeck,  1904) . 

Norway.  (Born,  1927).  Fridrikshald  in  Rodparken  (R. 
Collett)  ;  (Siebke,  1875) . 

Persia.  Astrabad  (Coll.  Mus.  Vindob.)  ;  Kopet  Dagh  (Coll. 
Mus.  Vindob)  ;  (Breuning,  1927).  Poucht-e-kouh  (Lapouge, 
I912)- 

Poland.  Galicia  (Lomnicki,  1894). 

Portugal.  (Fuente),  (Breuning,  1927) .  Serra  d’Estrella 
(Abbe  Saraiva)  ;  (Oliveira,  1887).  (Bedel,  1881). 

Roumania.  Valley  of  Berlad  (Montandon)  ;  Commana  Vlasca 
(Lapouge,  1930) . 

Russia.  (Fischer,  1925-28)  ;  (Dejean,  1837)  •  Caucasus 
(Bedel,  1895).  Adzikend  (Vasil)  ;  Chram  ;  (Leder)  ;  Daraci- 
cag  (Dobr)  ;  Lagodechi  (Vin-Nik)  ;  Majkop  (Schaposchnikov)  ; 
Pjatigorsk  (Semenov)  ;  Sarjal  (Kolenati)  ;  Soci-Tuapse  (Reit- 
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ter)  ;  Stavropol  (Lutschnik)  ;  Susa  (Koenig-)  ;  (Zaitzev,  1918) . 
Circassien  (Reitter)  ;  Erivan  (Maljushinko)  ;  Kuban  (Jacob¬ 
son)  ;  Talysch  (Menetries)  ;  Terek  (Lutschnik)  ;  (Breuning, 
1927).  Kasan  (Jacobson)  ;  (Breuning,  1927).  Kharkov  (Mots- 
chulsky,  1850).  Lenkoran  (Menetries,  1832).  Moskau  (Jacob¬ 
son);  (Breuning,  1927).  Pskow  (Jacobson);  (Breuning,  1927). 
Transcaucasus  (Faldermann)  ;  (Chaudoir,  1846).  (Kolenati, 
1845).  Voronezh  (Langhoeffer,  1926). 

Sicily.  Ficuzza  (Ragusa,  1883,  1905). 

Siberia  and  Manchuria.  (Ganglbauer,  1892).  Chabarowsk 
(Coll.  Breuning)  ;  (Breuning,  1927).  Region  of  the  Amur. 
(Bedel,  1895).  Sutschau  (Coll.  Breuning)  ;  (Breuning,  1927). 
Usuri  (Csiki,  1927).  Vladivostock  (Kraatz)  ;  (Breuning,  1927). 

Spain.  (In  coll.  Chevrolat  in  Hope  Dept.).  (Fuente), 
(Breuning,  1927) .  Alicante  (Escalera,  1926) .  Escorial ;  Cor¬ 
dillera  de  Gredos ;  Herreria ;  Madrigal;  Piedralobes ;  (Esca¬ 
lera,  1924) . 

Sweden.  Calberg  (Paykull,  1790).  Fredriksdal  (Muller* 
1764). 

Switzerland.  Basle  (Heer,  1838).  Bundten  (Umstein  in 
Fuesslins,  1775).  Ct.  Zurich;  Geneva;  Lausanne;  Schaff- 
hausen  ;  Thurgau  ;  (Heer,  1838). 

Syria.  Amanus  (Chapman,  1922) .  Antilibanon  (Piochard)  ; 
(Breuning,  1927).  Bois  de  Hibbaryeh  on  the  hills  of  Djebel- 
ech-Cheik.  (Brulerie,  1875).  Beyrut  (Kraatz,  1877).  (Chap¬ 
man,  1922).  Province  of  Constantine  (Bedel,  1881). 

Tunis.  Ain-Draham  (Schadelin,  coll.  E.  Lehbvre)  ;  El-Fedja 
(Ch.  Martin)  ;  (Bedel,  1895)  • 

Habitat. 

Calosoma  inquisitor  appears  to  be  confined  to  areas  bearing 
broad-leaved  trees  upon  which  it  hunts  caterpillars,  its  main 
source  of  food.  Linnaeus  (1758)  records  it  ‘  in  Europae  arboribus 
larvis  Papilionum  Phalaenarumque  victitans, ’  and  (1761)  ‘in 
sylvis,  cursitans  per  plantas  noctu.  ’  Other  observers  record  it 
chiefly  on  the  trunks  and  branches  of  oaks,  but  also  on  beech, 
birch,  black  currant,  broom,  hawthorn,  hornbeam,  maple,  osiers, 
pear  trees  and  bracken,  during  the  period  from  April  until  July. 
It  has  also  been  found  in  the  earth,  under  stones,  decaying  leaves 
and  moss  and  sometimes  at  sugar.  Although  associated  with 
these  plants  the  beetle  is  entirely  carnivorous  and  has  not  been 
observed  to  eat  any  vegetable  matter.  Norman  (1844)  records 
it  in  Hainault  Forest  on  oak  and  hornbeam,  particularly  the 
trunks  of  the  latter,  which  were  covered  with  foliage  down  to 
the  ground  ;  over  four  hundred  specimens  were  taken  in  one 
day.  Hodgson  (1822)  took  more  than  one  hundred  specimens; 
the  majority  of  these  were  on  the  ground  or  on  trunks  and 
branches,  but  some  were  seen  flying  in  the  sunshine.  The  species 
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appeared  to  be  very  local  and  was  found  only  in  a  comparatively 
small  area.  Barthe  (1909)  states  that  when  in  flight  it  is  often 
raised  to  a  high  altitude  by  atmospheric  currents,  thus  account¬ 
ing  for  a  single  specimen  found  at  the  summit  of  the  Plomb  du 
Cantal  (1868  m.),  in  central  France,  and  another  at  over  2,000 
m.  on  the  Pic  de  N&re,  near  Bar&ges,  in  the  Hautes  Pyrenees, 
France. 

Laboratory  Equipment  for  Experimental  Work. 

Beetles  taken  in  the  hibernating  state  in  September,  1934, 
were  placed  in  fine  soil  contained  in  half-filled  gauze  cylinders 
of  nine  inches  in  diameter  and  eighteen  inches  in  height.  These 
cylinders  were  partially  buried  in  the  ground  out-of-doors  so  that 
the  level  of  soil  inside  them  was  equal  to  that  of  the  ground  sur¬ 
face  outside.  The  beetles  soon  burrowed  down  into  the  soil  and 
made  fresh  hibernating  cavities.  In  the  following  spring  eighty 
per  cent,  of  the  beetles  emerged  from  hibernation  without  having 
suffered  any  visible  ill-effects  as  a  result  of  being'  disturbed.  After 
emergence  pairs  of  beetles  were  confined  in  glass  jars  with  gauze 
coverings,  and  in  rectangular  wooden  or  tin  boxes  of  approxi¬ 
mately  ten  inches  in  length,  eight  inches  in  width  and  six  inches 
in  height,  with  detachable  glass  tops.  Fine  soil  was  placed  in 
these  containers  to  a  depth  of  about  4  in.  with  small  leafy  oak 
twigs  scattered  over  the  surface.  About  fifty  beetles  were  con¬ 
fined  together  in  eighteen-inch  cubical  boxes  of  wood  with  gauze 
and  glass  panels.  The  depth  of  soil  varied  in  each  cage  from 
one  to  six  inches.  Small  leafy  oak  branches  upon  which  the 
beetles  could  climb  were  placed  in  the  cages  and  a  layer  of  leaf 
litter  was  scattered  over  the  soil  surface.  Caterpillars  and  pupae 
for  food  were  introduced  on  glass  plates  which  were  laid  on  the 
soil  surface.  These  were  easily  washable,  and  by  their  use  the 
soil  was  kept  clean  and  wholesome.  The  beetles  appeared  to 
have  no  difficulty  in  finding  and  devouring  the  food  at  once. 
When  the  supply  of  caterpillars  became  scarce,  fresh  raw  meat 
containing  much  blood  was  substituted  ;  beetles  also  found  this 
readily  and  proceeded  to  suck  out  the  juices.  Small  shallow 
vessels  filled  with  water  were  placed  in  the  cages  and  beetles 
were  often  to  be  seen  drinking  the  water,  more  especially  after 
the  supply  of  caterpillars  had  failed  and  raw  meat  was  sub¬ 
stituted.  When  the  soil  became  rather  dry,  water  was  lightly 
sprinkled  on  it,  and  thus  a  more  or  less  continual  state  of  damp¬ 
ness  was  maintained. 

Soil  Requirements  in  Experimental  Work. 

Very  dry  or  sandy  soil  is  unsatisfactory  because  eggs  and 
pupae  may  be  crushed  by  collapse  of  the  chambers  in  which  they 
lie  and  the  adults  are  unable  to  excavate  cavities  for  hibernation. 
Very  damp  soil  may  cause  the  particles  composing  the  walls  of 
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the  pupal  chamber  to  adhere  so  strongly  to  one  another  that  the 
adult  is  unable  to  escape  on  hatching  or  after  hibernation.  Damp 
soil  sometimes  adheres  to  the  limb-joints  and  mouth-parts  of 
beetles  and  subsequently  hardens,  thus  greatly  restricting  move¬ 
ment  and  causing  starvation.  A  loamy  clay  seems  to  be  most 
suitable  for  use  in  experimental  work  with  these  insects. 

Nature,  of  the  Operations  of  Calosoma  inquisitor. 

As  far  as  investigations  have  proceeded,  it  may  be  said  that 
this  beetle  in  both  the  larval  and  adult  stages  is  wholly  beneficial 
to  man. 

In  experimental  work  large  numbers  of  caterpillars  and  pupae 
are  eaten,  and  under  natural  conditions  similar  activity  also 
takes  place.  The  larvae  frequent  the  ground  and  consequently 
are  chiefly  concerned  with  the  destruction  of  larvae  and  pupae 
found  there.  The  ability  of  the  adults  both  to  climb  and  to  fly 
makes  them  a  potent  factor  in  the  destruction  of  larvae  which 
may  be  defoliating  the  trees.  During  investigations  carried  out 
at  Astonbridge  Inclosure  in  the  Forest  of  Dean,  hundreds  of 
adult  Calosoma  inquisitor  were  observed  ascending  the  trunks 
of  oak  trees  at  dusk,  searching  the  branches  for  caterpillars, 
which  they  quickly  devoured.  These  observations  in  an  area  of 
defoliated  oak  trees  serve  as  an  illustration  of  the  potential 
destructive  power  of  Calosoma  inquisitor.  With  the  knowledge 
of  the  quantity  of  food  required  per  beetle  under  experimental 
conditions  in  the  laboratory,  it  is  possible  to  understand  the 
great  destruction  which  even  a  small  number  of  these  beetles 
would  be  able  to  accomplish  under  natural  conditions. 

Summary  of  Life-History. 

This  summary  is  based  on  the  work  of  Burgess  and  Collins 
(1917),  the  only  detailed  investigation  into  the  life-history 
which  has  hitherto  been  made,  although  Escherich  (1914)  and 
Holste  (1915)  have  made  contributions  on  the  subject. 

The  eggs  are  laid  in  egg-chambers  in  the  soil  during  early 
summer,  and  the  duration  of  the  egg  stage  varies  from  8  to  14 
days  according  to  temperature.  After  hatching,  if  the  weather 
is  warm,  the  larvae  soon  make  their  way  to  the  surface  of  the 
ground  in  search  of  food.  Larvae  undergo  two  ecdyses,  and  the 
average  duration  of  larval  stages  for  first  stage  is  8.6  days, 
•second  stage  6.6  days  and  third  stage  8.7  days;  the  activity  of 
larvae  and  interval  between  ecdyses  being  largely  influenced  by 
temperature  and  food  supply.  Larvae  do  not  climb  trees  in 
search  of  food,  but  feed  on  various  species  of  caterpillars  and 
pupae  occurring  on  the  ground  ;  they  are  prone  to  cannibalism. 
The  prepupal  stage  averages  six  days,  during  which  time  the 
pupal  chamber  is  constructed  in  the  ground  at  depths  varying 
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according  to  hardness.  The  pupal  stage  lasts  for  about  twelve 
days  and  the  beetle  emerges  from  the  pupa  in  autumn,  but 
remains  in  the  pupal  chamber  and  does  not  come  to  the  surface 
until  the  spring. 

^  •  •  r  177  The  Adult. 

Description  of  Adult. 

Colour  variable,  ranging  from  metallic  green,  bronze  or 
almost  black  to  violet.  Of  two  distinct  sizes ;  larger  average 
size,  length  18.5  mm.,  width  9.0  mm.  ;  smaller  average  size, 
length  16.5  mm.,  width  7.5  mm. 

Head  (PI.  VII,  fig.  4).  Coppery,  sometimes  greenish, 
especially  on  the  sides ;  rather  wide,  not  contracted  behind  the 
eyes,  produced  in  front,  neck  inflated,  not  constricted  ;  rugosely 
punctate  with  two  longitudinal  depressions  between  the  an¬ 
tennae  and  with  a  single  supra-orbital  setigerous  puncture  on 
each  side.  Clypeus  narrow,  bisetose ;  frontal  foveae  extending 
along  the  sides  to  near  anterior  margin ;  fused  posteriorly  with 
frons.  Labrum  short,  bilobed,  rather  wider  than  clypeus,  deeply 
emarginate  in  front ;  plurisetose  medio-anterially,  and  with  a 
single  large  setigerous  puncture  on  each  side  lobe.  Mandibles 
(PI.  VII,  fig.  8),  black;  long,  powerful,  slightly  curved  dis- 
tally,  more  or  less  pointed,  concave;  plurisetose  meso-ventrally, 
with  a  rather  blunt  tooth  near  base ;  front  half  of  upper  surface 
with  rather  coarse  slightly  oblique  transverse  striation.  Maxil¬ 
lae  (PI.  VII,  fig.  7),  strong,  densely  fringed  with  hairs  along 
inner  margin  and  over  the  whole  of  the  rounded  apex  ;  with  a 
fine  sharp  glabrous  tooth  at  right  angles  to  limb  just  below  apex 
on  inner  side ;  cardo  and  palpifer  each  with  one  seta  and  stipes 
with  two.  Four  black  stout  maxillary  palpi,  slightly  dilated  dis- 
tally  and  incrassate  at  apex.  Internal  maxillary  palpi  projecting 
beyond  apex  of  maxillae  and  composed  of  two  segments.  Ex¬ 
ternal  maxillary  palpi  with  basal  segment  small,  second  segment 
elongate  and  clavate,  third  and  fourth  equal  or  third  longer  than 
fourth;  the  fourth  truncate.  Mentum  (PI.  VII,  fig.  5),  short 
and  broad,  bilobed,  emarginate ;  usually  with  a  seta  on  each 
side  of  the  base,  lobes  gently  rounded  laterally.  Submentum 
(PI.  VII,  fig.  5) ,  short,  as  broad  as  the  mentum  ;  with  a  row  of 
setigerous  punctures  near  anterior  margin.  Gula  long  and  nar¬ 
row,  extending  ventrally  from  the  submentum  to  the  posterior 
margin  of  the  head,  and  separated  on  either  side  from  the  genae 
by  gular  sutures ;  submentum  and  gula  fused  to  form  the  gula- 
mentum.  Two  long  and  stout  black  labial  palpi,  slightly  dilated 
distally,  incrassate  at  the  apex  ;  three-segmented,  borne  on  pal- 
pigers  which  resemble  the  basal  segments  of  the  palpi ;  basal 
segments  short  and  curved,  second  segments  elongate  and 
clavate,  with  four  or  five  setae  on  the  inside,  third  segments 
securiform  and  truncate.  Glossa  (PI.  VII,  fig.  5),  small,  trun¬ 
cate  or  arcuate  at  apex  and  plurisetose,  the  two  middle  setae 
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longer  than  the  others ;  paraglossae  narrow,  not  so  long  or 
wide,  contiguous  with  and  superimposed  on  the  glossa,  adnate, 
finely  setose,  membranous,  separated  from  glossa  at  apex  by  a 
slight  emargination.  Eyes  (PL  VII,  fig.  4),  yellowish-brown; 
rounded,  prominent,  distant  from  buccal  fissure.  Antennae  (PI. 
VII,  fig.  6),  filiform,  lateral,  inserted  in  front  of  and  close  to 
anterior  margin  of  the  eyes ;  slightly  shorter  than  half  the  body 
and  reaching  beyond  the  base  of  elytra ;  eleven-segmented  with 
second  segment  shortest,  third  longest,  both  compressed,  tren¬ 
chant  exteriorly  and  with  sharp  edge  along  posterior  margin  of 
upper  surface ;  first  and  fourth  sometimes  with  a  feeble  edge ; 
first  four  segments  black,  others  brownish  and  pubescent, 
slightly  tapering  distally,  apices  fuscous ;  terminal  segment 
slender  and  sub-linear ;  first  segment  with  a  single  setigerous 
puncture  on  upper  surface ;  apices  of  all  segments  except  first 
and  second  sparsely  encircled  with  setae. 

Pronotuniu  Coppery  with  greenish  margins,  shining,  rugose- 
punctate  ;  at  widest  point  almost  twice  width  of  head,  short, 
half  as  long  as  broad,  dilated  at  sides,  strongly  rounded  and  con¬ 
tracted  towards  base,  more  or  less  bordered,  border  obliterated 
before  base,  base  slightly  sinuate,  margins  elevated  and  more 
coarsely  punctured  and  rugose ;  on  each  side  near  the  margin 
with  a  setigerous  puncture  mid-way  between  anterior  and  pos¬ 
terior  margins.  Posterior  angles  sometimes  flattened,  generally 
deflexed  and  somewhat  produced  backwards,  at  base  a  shallow 
central  furrow  and  two  large  foveae,  sometimes  each  containing' 
a  setigerous  puncture. 

Meso -  and  Metanotum  (PL  IX,  figs.  13  and  14).  Black; 
entirely  covered  by  the  elytra  except  mesoscutellum.  Mesonotum 
much  reduced,  composed  of  prescutum,  scutum  and  scutellum. 
Scutellum  small,  short,  triangular,  slightly  ridged,  dividing 
scutum  into  two  separate  plates.  Postnotum  wanting.  Metan¬ 
otum  well-developed  and  undulating ;  composed  of  prescutum, 
scutum,  scutellum  and  postnotum  ;  sclerites  strongly  fused  and 
somewhat  setaceous. 

Legs.  Black,  cursorial,  long,  powerful.  Femora  subcylin- 
drical,  profemora  stouter.  Tibiae  slightly  incrassate  towards 
apex,  each  with  two  spines  distad.  Protibiae  sulcate,  gradually 
broader  to  tip,  slightly  grooved  within,  spines  terminal,  but 
placed  obliquely  to  each  other.  Mesotibiae  slightly  arched  in 
male,  nearly  straight  in  female,  setose  in  front  and  behind ; 
metatibiae  setose  in  front  in  male.  Tarsi  (PL  VI,  figs.  2  and  3) , 
five-segmented  with  a  double  row  of  spines  beneath  ;  protarsi 
shorter  than  long  and  slender  meso-  and  metatarsi.  Protarsi  of 
male  with  first  four  (first  three  very  strongly,  fourth  often  less) 
anterior  segments  dilated  and  pubescent  beneath.  Apical  claws,, 
simple,  curved  and  smooth. 

Wings  (PL  VIII,  fig.  11).  Of  the  normal  Adephaga  type,. 
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each  with  eight  principal  veins  :  costa,  subcosta,  radius,  media, 
cubitus,  i st  anal,  2nd  anal  and  3rd  anal,  of  which  the  radius, 
media  and  cubitus  are  branched.  The  branches  of  the  media 
are  connected  by  two  transverse  veins,  thus  forming  an  oblong 
cell  characteristic  of  the  type. 

Elytra  (PI.  IX,  fig.  13).  Metallic,  coppery  or  brassy  bronzed, 
black  with  brilliant  green  margins ;  generally  rectangular,  at 
widest  point  nearly  twice  width  of  thorax,  dilated  behind,  feebly 
embracing  sides  of  body  ;  well-marked  shoulders,  rounded  apex 
in  male,  rather  pointed  in  female ;  narrowly  bordered  without 
basal  border,  border  generally  serrate  behind  shoulder.  Epipleurae 
moderately  broad  at  base.  Regularly  striate  longitudinally  and 
irregularly  striate  horizontally,  normally  sixteen  or  eighteen 
reticulated  striae,  interstices  transversely  strigose.  Each  elytron 
with  a  very  fine  sutural  stria  generally  present,  and  one  stria 
originating  in  the  marginal  channel  at  a  third  from  the  base. 
Each  elytron  with  three  rows  of  deep  concolorous  impressions 
placed  between  fourth,  eighth  and  twelfth  striae  from  the  suture, 
the  intervals  of  about  equal  width,  each  puncture  minutely 
tuberculate,  generally  three,  sometimes  five,  intervals  between 
primary  impressions,  secondary  impressions  similar  to  primary 
ones  occur  sporadically.  Marginal  channel  and  apex  minutely 
tuberculate. 

Pro-,  Meso -  and  Meta-sternum  (PI.  VIII,  figs.  9  and  10). 
Greenish-bronze.  Prosternal  process  more  or  less  bordered,  pro¬ 
duced  over  mesosternum,  nearly  vertical  and  subcarinate  anteri¬ 
orly,  hollowed  in  the  middle  and  narrowly  emarginate  posteriorly  ; 
anterior  coxal  cavities  open,  posterior  contiguous ;  metasternal 
epimera  invisible ;  metepisterna  narrowed  posteriorly,  slightly 
longer  than  wide. 

Abdomen  (PI.  IX,  figs.  15  and  16).  Shining  bronze  to 
greenish  in  colour,  sub-quadrate,  broad  and  convex.  Six  visible 
sternites,  bordered,  border  not  reaching  sides,  third  and  fourth 
more  or  less  setose  mesad,  fifth  and  sixth  generally  with  one  or 
two  sub-median  setae  on  each  side,  apical  segment  with  distal 
margin  plurisetose. 

Sexual  dimorphism.  Both  sexes  closely  similar,  varying  in 
colour  considerably  as  well  as  in  size,  male  generally  smaller 
than  female.  Male  alone  having  dilated  protarsal  segments, 
spongy  beneath.  Mesotibiae  slightly  arched  in  male,  nearly 
straight  in  female,  metatibiae  fringed  with  setae  in  front  in  male. 
Elytra  appear  parallel-sided  in  male,  more  ovate  in  female  ;  apex 
of  elytra  more  broadly  rounded  in  male,  less  so  in  female.  Last 
sternite  more  broadly  rounded  in  male,  less  so  in  female. 

The  Alimentary  Canal  (PI.  IX,  fig.  12).  The  alimentary 
canal  is  slightly  greater  in  length  than  the  insect’s  body  and  has 
its  three  primary  divisions,  stomodaeum,  mesenteron  and  proc- 
todaeum  easily  distinguished. 
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Stomodaeum .  In  the  fore-intestine  several  distinct  regions 
are  recognized.  The  pharynx  is  the  slightly  dilated  portion  just 
posterior  to  the  mouth,  connecting  the  latter  with  the  oeso¬ 
phagus.  The  oesophagus  is  a  simple  straight  thin-walled  tube 
which  traverses  the  caudal  part  of  the  head  and  the  fore-part  of 
the  prothorax,  connecting  the  pharynx  with  the  crop.  The  crop 
is  a  dilatation  of  the  tract  immediately  posterior  to  the  oeso¬ 
phagus  and  lies  in  the  hind-part  of  the  prothorax  and  anterior 
portion  of  the  mesothorax.  It  functions  as  a  food  reservoir.  The 
gizzard  or  proventriculus  lies  immediately  posterior  to  the  crop 
and  acts  as  a  grinding  organ  in  which  the  food  is  prepared  for 
entrance  into  the  more  delicate  digestive  organs.  The  oeso¬ 
phageal  valve  occurs  as  a  constriction  of  the  tract  at  the  junction 
of  the  fore-  and  mid-intestine,  immediately  posterior  to  the  giz¬ 
zard.  It  has  been  suggested  that  its  presence  prevents  regur¬ 
gitation.  Both  gizzard  and  oesophageal  valve  lie  in  the  posterior 
portion  of  the  mesothorax. 

Mes  enter  on \.  The  mid-intestine  or  stomach  is  tubular  in 
shape,  its  surface  being  covered  with  small  sac-like  diverticula  — 
the  enteric  or  gastric  coeca.  Towards  the  posterior  region  there 
is  a  gradual  decrease  in  the  size  of  the  stomach  and  a  diminution 
in  the  number  of  coeca.  It  is  bounded  anteriorly  by  the  oeso¬ 
phageal  valve  and  posteriorly  by  the  pyloric  valve  where  it  joins 
the  hind-intestine. 

Proctodaeum .  In  the  hind-intestine  three  regions  are 
present ;  the  small  intestine  or  ileum,  the  large  intestine  or  colon 
and  the  rectum,  but  delimitation  between  ileum  and  colon  is 
hard  to  distinguish.  At  the  junction  of  the  mid-  and  hind-intes¬ 
tine  are  the  pyloric  valve  and  Malpighian  tubes.  Four  slender 
Malpighian  tubes  arise  separately  at  equal  intervals  around  the 
circumference  of  the  tract  and  extend  over  the  region  of  the 
junction  of  mid-  and  hind-intestine ;  their  length  varies  between 
forty  and  fifty  centimetres.  They  appear  to  unite  distally  in 
pairs ;  fusion  of  all  four  together  does  not  appear  to  take  place. 
The  ileum  is  the  anterior  portion  of  the  hind-intestine,  lying  in 
the  fourth  abdominal  segment  and  connecting  posteriorly  with 
the  colon,  a  tortuous  tube  leading  to  the  rectum.  The  rectum  is 
large  and  oval  in  shape  and  lies  in  the  fifth  and  sixth  abdominal 
segments ;  rectal  pads  are  present  at  the  anterior  end.  It  con¬ 
nects  the  colon  with  the  anus,  which  is  the  posterior  opening  of 
the  alimentary  canal. 

The  Anal  Gland  and  Anal  Gland  Reservoir  (PI.  IX,  fig.  12). 
Dorsad  to  the  rectum  are  two  anal  glands,  connected  by  a  thin 
tortuous  tubule  to  the  kidney-shaped  anal  gland  reservoirs  which 
lie  on  either  side  of  the  rectum.  Each  anal  gland  reservoir  is 
joined  to  a  duct  whose  distal  opening  is  attached  to  the  margin 
of  the  ninth  tergite.  These  anal  glands  are  of  a  complex  struc¬ 
ture  and  secrete  pungent  properties  which  appear  to  be  con- 
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served  in  the  anal  gland  reservoirs  and  ejected  through  the  anal 
gland  ducts  when  the  beetle  is  disturbed  or  excited. 

Female  Genitalia  (PL  X,  figs.  19  and  20).  On  either  side  of 
the  alimentary  canal,  a  single  ovary  is  present,  each  being  con¬ 
nected  by  a  fairly  short  oviduct  to  the  uterus  which  lies  ventrad 
to  the  alimentary  canal.  Dorsad  to  the  uterus  lies  the  bursa 
copulatrix  which  is  a  pouch-like  outgrowth  of  the  distal  end  of 
the  uterus.  At  the  point  of  fusion  and  between  the  bursa  copula¬ 
trix  and  uterus  arises  the  tubular  spermatheca  which  extends 
anteriorly  almost  to  the  proximal  end  of  the  uterus.  The  distal 
portion  of  the  uterus  is  sheathed  in  a  membranous  and  chitinized 
armature  comprising  the  valvifers,  coxites  and  stvli  and  the 
eighth,  ninth  and  tenth  abdominal  segments.  The  eighth  sternite 
is  the  most  ventral  and  consists  of  a  strongly  chitinized  oval 
plate  prolonged  anteriorly  on  either  side  of  the  uterus,  and 
divided  medianly  by  membrane.  The  ninth  sternite  is  membran¬ 
ous,  slightly  pigmented  and  setaceous  on  anterior  margin  and 
reflexed  from  the  posterior  margin  of  the  eighth  sternite  to  the 
anterior  margin  of  the  valvifers.  The  tenth  sternite  is  repre¬ 
sented  by  two  small  narrow  plates  adjoining  the  inner  margin  of 
the  coxites  anteriorly.  The  eighth  tergite  is  strongly  chitinized, 
retracted  somewhat  under  the  seventh  tergite,  bearing  a  small 
spiracle  on  either  side,  with  two  small  sub-medium  indentations 
on  the  anterior  margin.  The  ninth  tergite  is  a  strongly  chiti¬ 
nized  oval  plate  fringed  with  setae  on  the  posterior  margin, 
lying  dorsad  to  the  tenth  tergite,  anus  and  the  styli.  The  tenth 
tergite  is  membranous,  slightly  pigmented  on  anterior  margin 
and  reflexed  under  the  ninth  tergite,  holding  the  anus  in  position. 
The  valvifers  are  strongly  chitinized  concave  plates  whose  in¬ 
terior  margins  support  the  coxites  and  are  held  in  place  posteri¬ 
orly  by  the  ninth  tergite.  The  coxites  are  chitinized  and  mem¬ 
branous,  densely  setose  ventrally,  and  bearing  posteriorly  the 
one-segmented,  chitinized  and  setaceous  styli. 

Male  Genitalia  (PI.  X,  figs.  17  and  18).  The  male  reproduc¬ 
tive  organs  consist  of  the  testes,  which  are  simple,  closely  coiled 
and  tubular,  lying  on  either  side  of  the  alimentary  canal,  and  the 
vasa  deferentia  bearing  the  long  coiled  tubular  vesiculae  semi- 
nales.  Posteriorly  the  vasa  deferentia  unite  to  form  the  ductus 
ejaculatoris  which  terminates  in  the  aedeagus.  The  aedeagus 
itself  consists  of  a  median  lobe  and  tegmen.  The  median  lobe 
is  elongate  and  curved,  containing  an  internal  sac  which  is 
everted  through  the  median  orifice  during  coitus.  The  tegrnen 
is  composed  of  membrane  strengthened  by  chitinous  sclerites 
and  the  lateral  lobes  which  hold  the  median  lobe  in  position. 
The  apex  of  the  aedeagus  is  evaginated  between  the  ninth  and 
tenth  sternites.  The  eighth  sternite  is  reduced  to  a  membrane 
and  two  chitinized  marginal  plates.  The  ninth  sternite  is  also 
membranous,  but  with  two  chitinized  hoops  and  the  oval  piece.. 
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The  tenth  sternite  is  membranous  and  lies  between  the  aedeagus 
and  the  anus.  The  eighth  tergite  is  a  broad  chitinized  plate, 
membranous  in  the  middle  and  at  the  sides,  partly  retracted 
under  the  seventh  tergite  with  a  small  spiracle  on  either  side 
near  the  anterior  margin.  Ventrad  to  and  concealed  by  the 
eighth  tergite  is  the  narrow  chitinized  ninth  tergite  lying  dorsad 
to  the  small  membranous  tenth  tergite  reflexed  beneath  which 
holds  the  anus  in  position. 

Aberrations  and  Monstrosities.  Jennings  (1902)  gives  a  short 
description  of  the  blue  aberration  found  by  him  and  also  by 
R.  W.  Lloyd  in  the  New  Forest,  while  it  is  recorded  at  Rham- 
nor  in  the  New  Forest  by  P.  Harwood.  A-  Ford  has  found  ab. 
coeruleum  and  ab.  viridimarginatum  in  the  New  Forest  as  re¬ 
corded  by  W.  J.  Fordham  in  litt.  Asmuss  (1835)  and  Frivaldsky 
(1886,  1889)  have  briefly  described  three  abnormal  specimens 
found  in  Europe. 

Habits.  The  beetles  are  very  agile  on  trees  and  appear  to 
prefer  climbing*  to  running  on  the  ground.  They  search  for  their 
prey  in  trees,  destroying  defoliating  caterpillars.  There  is  no 
evidence  that  they  attack  insects  other  than  caterpillars  except 
for  the  record  in  Kirby  and  Spence  (1823),  where  Colo  soma  in¬ 
quisitor  is  mentioned  as  an  enemy  of  Brachinus  crepitans  L. 
(Col.).  Holyoak  (1871)  suggests  that  collectors  would  find  more 
specimens  if  they  examined  the  trunks  of  oak  trees  at  dusk, 
believing  that  the  Calosoma  beetles  ascend  the  trees  at  night  in 
search  of  food,  returning  in  the  early  morning  to  hide. 

Length  of  Life.  Adults  of  Calosoma  inquisitor  have  been 
proved  by  Burgess  and  Collins  (1917)  to  live  up  to  three  years. 

Hibernation.  In  two  years,  Burgess  and  Collins  (1917)  in 
the  United  States  observed  that  beetles  ceased  feeding  between 
27th  June  and  12th  July  in  order  to  enter  hibernation.  The  size 
of  the  hibernation  cavity  is  about  2  cms.  in  diameter,  while  the 
depth  ranges  from  1  to  40  cms.,  although  most  of  them  are 
found  from  1  to  15  cms.  below  the  surface. 

Mortality  during  Hibernation.  Under  laboratory  conditions 
about  twenty  per  cent,  of  the  bettles  were  found  to  have  died 
during  hibernation. 

Effect  of  Curtailing  Hibernation.  Four  pairs  of  beetles  were 
removed  from  hibernation  on  19th  April,  but  at  no  time  did  they 
appear  fully  active  and  this  early  awakening  seemed  to  have  a 
lasting  detrimental  effect  upon  them.  Before  caterpillars  were 
available,  .larvae  of  Melolonthidae  (Col.)  and  Tipulidae  (Dipt.) 
were  given,  but  although  the  beetles  fed  upon  them  readily 
enough  at  first,  their  appetites  gradually  decreased.  The  subse¬ 
quent  offering  of  caterpillars  failed  to  increase  their  vitality,  and 
after  consuming  a  few  Tortrix  larvae  (Lep.)  the  beetles  refused 
to  eat  and  on  2nd  June  burrowed  into  the  soil.  Although  fre¬ 
quently  disturbed  and  always  well  supplied  with  a  variety  of 
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food,  they  persistently  refused  to  eat  and  all  died  during  the 
last  week  of  June. 

Emergence  in  Spring.  The  beetles  emerge  from  hibernation 
in  the  spring,  usually  during  the  first  week  of  May,  but  earlier 
if  the  weather  is  warm  and  later  if  cold. 

Feeding  Habits.  The  adults  climb  trees,  preying  upon  cater¬ 
pillars,  which  are  seized  in  the  middle  of  the  back  and  held 
firmly  in  the  mandibles  while  the  juices  are  absorbed. 

Length  of  Feeding  Period.  The  feeding  period  extends  from 
the  time  of  emergence  from  hibernation  until  about  two  weeks 
preceding  entrance  into  hibernation,  when  they  become  rather 
inactive  and  consume  but  little  food.  The  feeding  period  cor¬ 
responds  fairly  closely  with  that  of  the  caterpillars  upon  which 
they  prey.  In  July,  when  caterpillars  become  scarce,  the  beetles 
feed  less  and  spend  most  of  the  time  beneath  the  ground,  eventu¬ 
ally  burrowing  to  form  a  hibernation  chamber. 

Experiments  in  Feeding.  Beetles  readily  attacked  larvae  of 
Melolonthidae  and  Tipulidae,  sucking  the  juices  for  about  an 
hour,  at  the  end  of  which  time  all  of  them  within  the  space  of 
five  minutes  excreted  a  drop  of  blackish-green  liquid.  Raw  meat 
was  also  successfully  adopted  as  food  and  the  juices  were  ab¬ 
sorbed.  Small  earth-worms  were  attacked  when  food  was  scarce 
and  the  beetles  were  hungry,  but  under  normal  conditions  they 
were  ignored.  No  species  of  larva  or  pupa  was  ever  entirely  re¬ 
jected  as  food,  but  some  types  were  preferred  to  others  as  is 
indicated  in  descending  order  in  the  following  list : — 

1.  Loopers  .  most  favoured. 

2.  Smooth  larvae  : 

(a)  Tortrix. 

( b )  Others. 

3.  Fairly  hairy  larvae. 

4.  Very  hairy  larvae. 

5.  Pupae  . .  less  favoured. 

The  names  of  larvae,  all  Lepidoptera,  forming  the  chief 
source  of  food  in  the  laboratory  are  appended  below  :  — 

A  crony  eta  rumicis  L. ,  Bombyx  neustria  L.,  Calymnia  trape- 
zina  L. ,  Chaemotobia  brumata  L.,  Cynaeda  dentalis  Schiff., 
Diloba  caeruleocephela  L.,  Eupithecia  abbreviata  Steph.,  Hemi- 
thea  aestivaria  Hb. ,  Hybernia  defoliaria  Clerck.,  Hybernia 
marginaria  Borkh.,  Liparis  monacha  L. ,  Phigalia  pedaria  Fab., 
Taeniocampa  stabilis  View.,  T'aeniocampa  miniosa  View.,  Thecla 
quercus  L.,  Tortrix  viridana  L. 

Beetles  refused  to  eat  slugs,  snails,  flies  and  vegetable  matter. 

Experiments  to  show  the  relative  amounts  of  different  kinds 
of  foods  consumed  by  Calosoma  inquisitor  were  begun  three 
weeks  before  the  first  beetle  entered  the  hibernating  stage.  Al¬ 
together,  fifty  beetles  were  given  special  diets  which  remained 
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constant  during-  the  experiment,  and  the  following-  averaged 
results  were  obtained  : — 

i  pair  ate  65  mixed  larvae  in  25  days. 

1  ,,  ,,79  Tortrix  ,,  ,,26  ,, 

1  ,,  ,,  86  looper  ,,  ,,  21  ,, 

1  ,,  ,,  raw  meat  for  32  ,, 

Burgess  and  Collins  (1917)  gave  records  of  Calosoma  in¬ 
quisitor  from  the  dates  of  emergence  until  the  beetles  entered 
hibernation ;  on  the  average  each  pair  consumed  103  large 
caterpillars  of  the  moth  Bombyx  americana  Fabr.  or  of  the  moth 
Porthetria  dispar  L.  Experiments  carried  out  with  three  pairs 
of  beetles  during  the  active  period  from  10th  May  until  20th  June 
gave  an  average  consumption  of  120  caterpillars  of  all  kinds  per 
pair. 

In  all  the  writer’s  experiments  on  feeding,  water  was  also 
provided,  and  beetles,  especially  those  fed  on  raw  meat,  were 
very  often  observed  drinking.  ,  It  is  probable  that  the  beetles 
were  unable  to  extract  as  much  liquid  matter  from  the  meat  as 
they  could  from  caterpillars  and,  therefore,  made  good  the  de¬ 
ficiency  by  a  larger  consumption  of  water. 

It  appears  that  the  beetles  locate  their  food  by  the  sense  of 
smell,  for  however  well-hidden  or  camouflaged  they  were  always 
quick  to  seek  it  out. 

After  feeding,  they  sometimes  clean  the  antennae  and  mouth- 
parts  with  the  front  legs. 

Starvation.  Two  pairs  of  beetles  were  subjected  to  starva¬ 
tion  with  the  following  results  :  in  one  instance  the  male  de¬ 
voured  the  female  after  two  days  and  continued  to  live  for 
another  nine  days  before  succumbing ;  in  the  other,  the  two 
beetles  lived  for  ten  days  and  then  died  within  a  few  hours  of 
one  another. 

Cannibalism ,.  In  captivity  the  beetles  were  inclined  to  attack 
one  another  whenever  food  was  withheld  from  them  during  the 
active  feeding  season.  Almost  invariably  the  attacks  were  made 
on  the  posterior  body  segments,  whence  the  body  juices  were 
sucked  out,  the  maimed  beetle  eventually  dying.  In  many  cases 
the  injured  beetles  were  completely  dismembered  by  the  attacker, 
legs,  wings  and  elytra  being  torn  from  the  body.  Further,  it 
appeared  that  once  a  beetle  had  turned  cannibal,  it  continued  to 
attack  others  wantonly,  and  on  several  occasions  such  beetles 
had  to  be  removed  to  protect  the  remainder.  Careful  observa¬ 
tion  showed  that  neither  sex  is  particularly  prone  to  cannibal¬ 
ism,  the  stronger  overcoming  the  weaker  irrespective  of  sex. 

Reproduction  and  Number  of  Generations.  Burgess  and 
Collins  (1917)  obtained  very  variable  results  in  their  studies  of 
the  reproduction  of  Calosoma  inquisitor.  Frequently  under  labora¬ 
tory  conditions  females  do  not  reproduce  for  two  successive 
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years.  They  stated  that  all  the  species  of  the  genus  Calosoma 
which  they  had  investigated,  including  Calosoma  inquisitor ,  have 
only  one  generation  annually. 

Polygamy.  According  to  Burgess  (1911)  polygamy  occurs  in 
Calosoma  sycophanta,  and  although  no  actual  proof  of  it  has 
been  obtained  in  connection  with  Calosoma  inquisitor,  yet  it 
seems  very  probable  that  it  must  take  place  in  this  species  also. 

Reaction  to  Heat  and  Cold.  In  all  stages,  temperature  seems 
to  exert  a  large  influence  upon  the  life-history  of  Calosoma  in¬ 
quisitor.  Cold  weather  causes  the  adults  to  seek  shelter  under¬ 
ground,  especially  immediately  after  they  have  emerged  from 
hibernation  during  an  early  and  temporary  warm  spell.  The 
higher  the  temperature,  the  greater  is  the  food  consumption  and 
copulation  occurs  more  frequently. 

Reaction  to  Light.  Beetles  react  strongly  to  light  and  in  all 
circumstances  observed,  they  are  negatively  heliotropic. 

Habits  of  Flight.  Undoubtedly  Calosoma  inquisitor  can  fly, 
as  has  been  testified  by  Hodgson  (1882),  but  when  tossed  up 
experimentally  into  the  air,  they  fall  to  the  ground  without 
spreading  their  wings. 

Drowning  Experiments.  Beetles  survived  immersion  in  water 
for  over  forty-eight  hours  with  no  apparent  ill-effects. 

Natural  Enemies. 

(a)  Predatory.  Among  the  natural  enemies  of  the  genus 
Calosoma  in  the  United  States,  Burgess  and  Collins  (1917)  have 
recorded  toads,  skunks,  foxes  and  racoons,  and  certain  insecti¬ 
vorous  birds,  such  as  crows  and  woodpeckers  ;  also  a  predacious 
bug  Podisus  sp. ,  which  was  found  feeding  on  a  larva  of  Calosoma 
sycophanta.  Kalmbach  (1918)  stated  that  the  crow  apparently 
consumed  all  species  of  Calosoma. 

During  investigations  at  Astonbridge  Inclosure,  Forest  of 
Dean,  the  writer  found  many  dismembered  parts  of  beetles  on 
the  surface  of  the  ground  ;  this  seemed  to  indicate  that  birds 
might  be  preying  on  the  beetles,  although  they  were  never 
actually  seen  to  do  so. 

(b)  Parasitic.  Few  parasites  of  the  genus  Calosoma  are 
known  and  the  percentage  infestation  is  always  very  small.  No 
parasites  of  the  adult  Calosoma  inquisitor  have  been  recorded. 

Burgess  and  Collins  (1917)  in  the  United  States  bred  several 
Tachinidae  from  adults  of  Calosoma  calidum  Fab.,  peregrinator 
Guer.,  and  sycophanta  ;  these  flies  were  originally  determined 
as  Pseudatractocera  calosomae  Coq.,  but  were  later  identified  as 
Biomyia  georgiae  B.  and  B.  and  more  recently  as  Vivania 
georgiae  B.  and  B.  A  discussion  of  the  classification  of  these 
Tachinid  parasites  is  given  by  Townsend  (1916).  Puparia,  pr  ’ 
ably  of  the  same  species,  have  also  been  found  in  adults  of 
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Calosoma  calidum  and  Calosoma  frigidum  Khy.  Felt  (1912), 
Tothill  (1913)  and  Aldrich  (1905)  also  note  V .  georgiae  as  a 
parasite  of  C.  calidum  in  the  United  States.  Aldrich  (1905)  re¬ 
cords  V .  georgiae  as  a  parasite  of  C.  scrutator  Fab.  and  alludes 
(1915)  to  the  Tachinid  Sarcophaga  helicis  Towns,  as  a  likely 
parasite  of  Calosoma  larvae.  Holste  (1915)  mentions  Phaeno- 
serphus  viator  Hal.  as  a  parasite  of  the  larvae  of  Calosoma  in¬ 
quisitor  in  Germany,  and  adds  that  larvae  infested  with  this 
Proctotrupid  do  not  pupate.  Collins  and  Hood  (1920)  record  the 
Tachinid  Eubiomyia  calosomae  as  a  parasite  of  Calosoma  calidum 
and  C.  sycophant  a  in  the  United  States. 

The  writer  found  several  specimens  of  the  mite  Tyroglyphus 
longior  Gervais  beneath  the  wings  of  two  beetles  which  had 
been  kept  in  captivity  for  some  time,  but  it  was  impossible  to 
establish  their  exact  relationship  with  the  host. 

(c)  Fungi .  None  has  been  recorded. 

Factors  affecting  the  Abundance  of  Calosoma. 

This  is  a  question  which  has  hitherto'  been  almost  entirely 
neglected,  since  the  experiments  and  observations  carried  out  on 
various  species  have  been  concerned  mainly  with  their  propaga¬ 
tion  as  a  means  of  controlling  other  insects.  The  species  of  the 
genus  Calosoma  are  but  rarely  parasitized  either  as  larvae  or 
adults,  nor  do  they  appear  to  be  subjected  to'  serious  attacks 
from  birds  and  animals.  In  the  active  stages  Calosoma  are 
rapacious  feeders  and  concentrate  where  the  maximum  supply 
of  food  is  obtainable.  When  deprived  of  an  adequate  amount  of 
food  cannibalism  occurs,  while  the  desire  for  reproduction  de¬ 
creases  and  development  is  retarded,  as  has  been  seen  in  experi¬ 
mental  work.  The  wilt  disease  of  caterpillars  is  not  transmitted 
oto  Calosoma  even  if  badly  diseased  caterpillars  are  consumed. 
Contact  insecticides  used  for  the  destruction  of  lepidopterous 
larvae  do  not  materially  affect  the  Calosoma  beyond  depriving 
them  of  their  food.  A  warm  early  spring  results  in  an  early 
emergence  from  hibernation  and,  provided  that  food  supplies 
have  been  similarly  advanced  by  the  warm  weather,  an  increased 
period  of  reproduction  follows.  Conversely,  a  late  spring  cur¬ 
tails  this  period.  During  the  active  period,  high  temperatures 
result  in  greater  activity,  food  consumption,  development  and 
reproduction  than  at  low  temperatures.  In  the  hibernation 
period,  beetles  obtain  protection  from  the  cold  by  burrowing 
into  the  soil,  and  they  are  also  able  to  withstand  fairly  long 
periods  of  immersion,  as  has  been  proved  in  the  laboratory. 

Economic  Importance. 

The  economic  value  of  Calosoma  inquisitor  does  not  appear 
to  have  been  fully  recognized  until  comparatively  recent  times, 
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although  references  to  its  powers  as  a  destroyer  of  caterpillars 
were  made  by  Linnaeus  (1758),  Bocks  (1785),  Letzner  (1850), 
Taschenburg  (1871),  and  by  Judeich  and  Nitschke  (1895). 

Burgess  (1911)  recorded  the  importation  of  Swiss  specimens 
of  Colo  soma  inquisitor  and  Caiosoma  sycophanta  into  Massa¬ 
chusetts,  U.S.A.,  in  order  to  combat  the  gypsy  moth  and  brown- 
tail  moth  pests.  Burgess  and  Collins  (1912)  refer  to  similar 
importations,  but  state  that  only  Caiosoma  sycophanta  was 
successfully  colonized.  Escherich  (1914)  recognized  the  utility 
of  Caiosoma  inquisitor  and  Caiosoma  sycophanta  in  destroying 
the  larvae  and  pupae  of  the  moths  Liparis  monacha  L.,  Bornbyx 
pini  L.  and  Bornbyx  dispar  L.  Vassiliev  (1914)  in  his  work  on 
an  injurious  insect  Otiorrhynchus  ( Cryphiphorus )  ligustici  L. 
(Col.,  Curculionidae)  named  Caiosoma  inquisitor  as  a  natural 
enemy.  Burgess  and  Collins  (1917)  recorded  several  abortive 
attempts  to  colonize  Caiosoma  inquisitor ,  both  in  adult  and 
larval  form,  in  Massachusetts,  U.S.A.  Silvestri  (1923)  and 
Miitze  (1924)  mention  Caiosoma  inquisitor  as  a  predator  on 
Tortrix  viridana .  Escalera  (1924)  and  (1925)  reports  the  intro¬ 
duction  of  Caiosoma  inquisitor  and  Silpha  (Xylodrepa)  quadri- 
punctata  L.  against  Lymantria  dispar  and  Tortrix  viridana  in- 
Spain  and  against  Lymantria  dispar  in  Algeria.  Delassus  (1925) 
records  the  use  of  C.  inquisitor  and  C.  sycophanta  against 
Liparis  dispar  in  the  Forest  of  Edough,  Algeria,  while  Escalera 
(1926)  reports  the  successful  transportation  of  Caiosoma  inquisi¬ 
tor  and  Silpha  ( Xylodrepa )  quadripunctata  by  aeroplane  and 
postal  services  from  Alicante  to  Algiers.  Langhoffer  (1926)  gives 
Caiosoma  inquisitor  as  a  natural  control  of  the  gypsy  moth  in 
the  oak  forests  of  Jugo-Slavia.  Shchelkanovtzev  (1929)  states 
that  an  infestation  in  the  forests  of  Voronezh  by  Biston  strataria 
Hufn.  (Lep.,  Selidosemidae)  was  partly  subdued  by  Caiosoma 
inquisitor,  which  was  very  abundant  there.  Veber  (1932)  drew 
attention  to  a  new  pest  upon  oak  trees,  Coriscium  brongniard- 
ellum  L.  (Lep.,  Tineidae),  the  larvae  of  which  are  exposed  to 
attack  by  Caiosoma  inquisitor.  Burgeon  (1933)  acknowledged 
the  economic  value  of  Caiosoma  inquisitor  and  deplored  its  ab¬ 
sence  from  the  Belgian  Congo. 

In  the  three  main  areas  in  Great  Britain  where  it  is  found  at 
all  frequently,  the  Forest  of  Dean,  Hainault  Forest,  and  the 
New  Forest,  Caiosoma  inquisitor  is  found  in  close  association 
with  the  oak,  a  tree  which  has  been  much  defoliated  in  recent 
years.  In  the  Forest  of  Dean  in  particular,  this  insect  can 
definitely  be  associated  with  the  three  main  species  of  defoli¬ 
ating  caterpillars,  Tortrix  viridana,  Chaemotobia  brumata  and 
Hybernia  defoliaria,  and  will  invariably  be  found  wherever  these 
particular  caterpillars  are  concentrated  and  a  small  area  of  oaks 
is  in  the  process  of  mass  defoliation.  It  is  very  localized  in  dis¬ 
tribution  even  within  a  single  forest. 
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The  above  observations  demonstrate  vividly  the  economic 
importance  of  Calosoma  inquisitor  as  a  potent  factor  in  the  con¬ 
trol  of  the  defoliating-  caterpillars  of  oak  forests. 
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Edwards,  J.  1893.  Fauna  and  Flora  of  Norfolk.  Part  12.  Coleoptera. 

Norwich.  434.  See  also  1893,  Trans.  Norfolk.  Norw.  Nat. 
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-  1926.  Un  nuevo  Ensayo  para  combatir  en  Argelia  la  plaga 
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8  :  24.  [Description.] 

-  and  Laboulbene,  A.  1854.  Faune  entomologique  Frangaise, 

ou  description  des  insectes  qui  se  trouvent  en  France.  Paris. 
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Fischer,  L.  H.  1843.  Dissertatio  inauguralis  zoologica  sistens  enumera- 
tionem  Coleopterorum  circa  Friburgum  Brisgoviae  Indi- 
genarum.  3. 

Foerster,  A.  1849.  Uebersicht  der  Kafer-Fauna  der  Rheinprovinz.  Verh. 
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9-10.  [Description,  distribution.] 
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Gemminger  and  Harold,  B.  de.  1868.  Catalogus  Coleopterorum.  Mona- 
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found  in  the  neighbourhood  of  Dublin.  Nat.  Hist.  Rev.,; 
3  :  72.  [Distribution.] 
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habitat,  distribution.] 

-  1905-07.  Col4opt6res,  Carabides.  Faune  Entomologique 
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JJniv.  Rennes,  4  (1905)  :  20.  [Description,  distribution.] 
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558.  [Distribution.] 
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gist,  54  :  71.  [Distribution.] 

Joube,  M.  1872.  [No  title.]  Pet.  Nouv.  Ent.,  4  :  220.  55.  [Distribution.] 
Joy,  N.  H.  1932.  A  practical  handbook  of  British  beetles.  London.  1  : 

322-23  and  325.  [Key  to  the  Carabidae ;  C.  inquisitor 
briefly  designated.] 

Judeich,  J.  F.,  and  Nitsche,  H.  1895.  Lehrbuch  der  Mitteleuropaischen 
Forstinsecktenkunde.  Wien.  1  :  289-290.  [Economic  value.] 
Kalmbach,  E.  R.  1918.  The  crow  and  its  relation  to  man.  Bull.  U.S. 

Dept.  Agric.,  621  :  16.  [The  crow  eats  Calosoma  spp.] 
Kelch,  A.  1846.  Kafer  Oberschlesiens.  Ratibor.  3.  58.  [Habitat.] 

Kellner,  A.  1873.  Verzeichniss  der  Kafer  Thtiringens.  7.  [Habitat.] 
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Kiesenwetter,  H.  1849.  Catalogus  coleopterorum  Europae.  Bautzen. 
3rd  edit.  4. 

Kirby,  W.,  and  Spence,  W.  1823.  An  introduction  to  Entomology.  London. 

2  :  246.  [C.  inquisitor  an  enemy  of  Brachinus  crepitans.] 

Kirchsberg,  O.  1870.  Catalogus  Coleopterorum  Transsilvaniae.  Claudio- 
poli.  5- 

Kolenati,  F.  H.  1845.  Insecta  Caucasicum  distributione  geographica. 

Meletemata  Entomologica.  Petropoli.  1  :  33.  PI.  1,  figs. 
5 a-b.  [C.  i.  clathratum  described.] 

Kraatz,  G.  1869.  Verzeichniss  der  Kafer  Deutschlands.  Berlin.  1. 

- - - -  1877.  Die  Calosoma  des  Caucasus.  Dtsch.  Ent.  Z.,  21  :  48. 

[Varieties,  distribution.] 

-  1878.  Ueber  die  von  Christoph  am  Amur  gesammelten  Cara- 

bus .  Dtsch.  Ent.  Z.t  22  :  253.  [Variety  described.] 

— -  1906.  Ein  Beitrag  zur  Geschichte  der  systematischen  Ento- 

mologia.  Berlin.  86.  433.  [Refers  to  Kraatz,  1877.] 
- - - —  and  Kiesenwetter,  H.  1859.  Catalogus  Coleopterae  Euro¬ 
pae.  Berlin.  2  :  130. 

Kuhnt,  P.  1913.  Illustrierte  Bestimmungs-T abellen  Kafer  Deutschlands. 

Stuttgart.  38.  Fig.  81  c.  [Varieties.] 

Kuster,  H.  C.  1846.  Kafer  Europas.  Niirnberg.  5  :  12. 

Lacordaire,  Th.  1854.  Histoire  Naturelle  des  Insectes.  Genera  des  Coldop- 
t^res.  Paris.  1  :  58.  [References  for  description  of  Calo¬ 
soma  larva ;  larva  of  C.  inquisitor  very  similar  to  that  of 
C.  sycophanta.] 

Lallemant,  C.  1868.  Catalogue  des  Coldopt&res  de  l’Algerie.  Bulletin  de 
la  Soci6t6  algerienne  de  Climatologie.  Sciences  physiques 
et  naturelles.  35.  [C.  i.  batnensis  described,] 

Langhoffer,  A.  1926.  Gubar  i  susenje  nasih  hrastovih  sume.  [The  gypsy 
moth  and  destruction  of  our  oak  forests.]  Ann.  Exper. 
For.,  Zagreb,  1  :  150-233.  (c/.,  1927  Rev.  Appl.  Ent.  (A), 

15?  no.)  [C.  inquisitor  recorded  as  a  predator.] 

Lapouge,  G.  V.  de.  1905.  L’Echange  Revue  Linneenne ,  Moulins,  21  : 

172.  [Table  for  determination  of  larvae  of  Calosoma  and 
Carabus.] 

- - -  1908.  Description  des  larves  de  Carabus  et  de  Calosoma. 

Bull.  Soc.  Sci.  Mdd.  Quest,  Rennes.  17  :  1 60-161.  [Larval 
description.] 

- —  1912.  Les  Carabides,  carabes  et  calosomes.  Ann.  Hist.  Nat., 

2  (Ent.)  :  25-31.  (Reimpression,  Bull.  Mus.  Hist.  Nat .» 

Paris,  1907.)  [C.  i.  clathratum  at  Poucht-£-kouh. ] 

-  1927.  Tribu  des  Carabini.  Tableau  des  soustribus.  Misc. 

Ent.,  30  (6)  :  46.  [Sub-tribe  Calosomina  described.] 

■ - -  1929.  Coleoptera  Adephaga  Fam.  Carabidae.  Subfam.  Cara- 

binae.  1st  pt.  Gen.  Ins.,  Brussels,  192:  400.  [Description 
of  genus  and  species  giving  varieties  and  distribution.] 

— — - -  1929.  Soustribu  des  Calosomina.  Misc.  Ent.,  32  :  1-10. 

[Genus  Calosoma  briefly  described.] 

- -  1930.  Calosomes  nouveaux  ou  mal  connus.  (Col.  Carabidae.) 

Misc.  ent.,  32  :  88-89.  [C.  L  comanense  briefly  described.] 

Latreille,  P.  A.  1802.  Histoire  naturelle  des  Crustac4s  et  des  insectes. 

3  :  80 -3 1  and  90-91.  [Description  of  family  and  genus  of 
Calosoma.] 

- — — - -  1804.  Histoire  Naturelle  G6n6rale  et  Particuli&re  des  Crus¬ 
tacea  et  des  Insectes.  Paris  8  :  299.  4.  [Description.] 

- - - — ■ — —  1810.  Considerations  generales  sur  1’ordre  naturel  des  ani- 

maux  .  .  .  Paris.  426.  [Genotype  of  Calosoma.] 

Leach,  W.  E.  1815.  The  Zoological 'Miscellany.  London.  2:  93-94.  Ph 
93.  [Generic  characters;  C.  inquisitor  indicated.] 
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Letzner,  K.  1850.  Systematische  Beschreibung  der  Laufkafer  Schlesiens. 

Z.  Ent 2  (14):  96.  [Description  of  genus  and  varieties; 
habitat,  distribution,  economic  value.] 

Linnaeus,  C.  1758.  Systema  Naturae.  Lipsiae  1  :  413-416.  [Original 
,  description,  habitat.] 

-  1761.  Fauna  Suecica.  Stockholmiae.  220.  789.  [Descrip¬ 
tion,  habitat.] 

- 1767.  Systema  Naturae.  669.  1 1. 

-  1788.  Systema  Naturae.  Gmelin,  J.  F.  edit.,  Lipsiae  1  (4)  : 

1965.  11. 

-  1789.  Entomologia.  Faunae  Suecicae.  Villers,  C.  de  edit., 

Lugduni.  361.  10. 

Lomnicki,  J.  R.  von.  1894.  Materialen  zur  verbreitung.  der  Carabinen  in 
Galizien.  Verb.  Zool.  hot.  Ges.  Wien.  Wien,  43  :  337. 
[Notes  on  C.  i.  coeruleum.] 

Luchnik,  V.  1910.  Notes  on  Coleoptera,  Cicindelidae  and  Carabidae). 
Rev.  Russe  Ent.t  10  :  141.  [Varieties.] 

-  1931.  A  note  on  the  beetles  of  the  genus  Calosoma  Web. 
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et  Norvegiae  indigenarum  characteres.  Havniae.  77.  835. 
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indicated.] 


Ill 


1936-] 

Nicolai,  E.  A.  1822.  Coleopterorum  species  agri  Halensis.  13.  10. 
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Oliveira,  P.  1887.  Catalogue  des  Insectes  du  Portugal.  Coimbra.  14.  22. 

Olivier,  E.  1883.  Faune  de  l’Allier.  Moulins.  11.  [Distribution.] 
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-  1801.  Faunae  Insectorum  Germanicae  Niirnberg.  81.  8. 
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Priske,  R.  A.  R.  1919.  A  rare  Coleopteron  form,  etc.  1919,,  Ent .  Rec., 
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Out.,  57-61.  [Parasitism  of  Calosomcu  spp.] 
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predator.] 

Verhoeff,  C.  1893.  Vergleich.  Untersuch  fiber  die  Abdominal-segment  und 
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Tiflis,  11  :  265.  [Description,  distribution.] 
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PLATE  VI. 


CALOSOMA  INQUISITOR  L. 
Fig.  i.  The  adult  male  x  2.4. 

Fig.  2.  Tarsus  of  Female  (ventral  aspect)  x  23.9. 
Fro,.  3.  Tarsus  of  Male  (ventral  aspect)  x  23.9. 


PLATE  VII. 


Fig.  4.  Head,  (dorsal  aspect)  x  9.7. 

an,  antenna ;  cl,  clypeus ;  ge,  gena ;  1  pa,  labial  palp ;  Ibr, 

labrum  ;  mn,  mandible ;  mx  pa,  maxillary  palp. 

Fig.  5.  Labium  (ventral  aspect)  x  14.8. 

gl,  glossa  ;  gu  m,  gulamentum  ;  1  pa,  labial  palp  ;  m,  mentum  ; 
pgl,  paraglossa  ;  sm,  submentum. 

Fig.  6.  Antenna  x  9.7 . 

Fig.  7.  Maxilla  (ventral  aspect)  x  14.8. 

ca,  cardo ;  di,  digitus ;  g,  galea ;  lac,  lacinia ;  mx  pa,  maxillary 
palp ;  pfr,  palpifer ;  s,  stipes. 

Fig.  8.  Mandible  (dorsal  aspect)  x  14.8. 


PLATE  VIII. 


Fig.  9.  Pfosternuin  (ventral  aspect)  x  9.7. 

cx,  coxa  ;  cx  c,  coxal  cavity ;  epm,  epimeron  ;  eps,  episternum  ; 
eu,  eastern  urn ;  f,  femur ;  pn,  reflex  of  pronotum ;  tr, 
trochanter. 

Fig.  10.  Meso-  and  Metasternum  (ventral  aspect)  x  5.5. 

cx,  coxa ;  cx  c,  coxal  cavity ;  epm,  epimeron  ;  epl,  epipleuron  ; 
eps,  episternum  ;  eu,  eusternum  ;  f,  femur  ;  st,  stern  it  e  ;  tr, 
trochanter. 

Fig.  11.  Wing  (dorsal  aspect)  x  5.5. 

a,  anal;  ax  s,  axillary  sclerite ;  c,  costa;  cu,  cubitus;  cun, 
cuneus ;  m,  media ;  o,  oblongum ;  r,  radius ;  sc,  subcosta. 
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PLATE  IX. 


Fig.  12.  Alimentary  Canal  (dorsal  aspect)  x  5.5. 

anu,  anus?  an  gl,  anal  gland;  an  gl  dt,  anal  gland  duct;  an  gl 
rs,  anal  gland  reservoir ;  col,  colon  ;  cr,  crop  ;  en  c,  enteric 
coeca  ;  gi,  gizzard ;  il,  ileum  ;  m  t,  malphigian  tubes' ;  oes, 
oesophagus ;  oes  v,  oesophageal  valve ;  ph,  pharynx ;  py  v, 
pyloric  valve  ;  ret,  rectum. 

Fig.  13.  Mesonotum  (dorsal  aspect)  x  9.7 . 

ax  c,  axillary  cord ;  ax  s,  axillary  sclerite ;  el,  elytron  ;  psc, 
prescutum ;  scl,  scutellum  ;  set,  scutum. 


Fig.  14.  Metanotum  (dorsal  aspect)  x  5.5. 

a  n  p,  anterior  notal  process ;  a  ph,  anterior  phragma ;  ax  c, 
axillary  cord ;  ax  s,  axillary  sclerite ;  in  m,  intersegmental 
membrane ;  p  n  p,  posterior  notal  process ;  p  ph,  posterior 
phragma  ;  pst,  postnotum  (postscutellum) ;  psc,  prescutum ; 
scl,  scutellum  ;  set,  scutum. 

Fig.  15.  Abdominal  Tergites.  Female,  x  5.5. 

Fig.  16.  Abdominal  Tergites.  Male,  x  5.5. 


PLATE  IX. 


CALOSOMA  INQUISITOR  L. 


/.  H.  Cook  del. 


PLATE  X. 


Fig.  17.  Male  Reproductive  Organs  (dorsal  aspect)  x  9.7. 

ae,  apex  of  aedeagus  ;  an  gl  rs,  anal  gland  reservoir;  d  ej,  ductus 
ejaculatoris  ;  1  1,  lateral  lobe ;  m  f,  median  foramen  ;  m  1, 
median  lobe ;  st,  sterfiite ;  teg,  tegmen ;  ter,  tergite ;  tes, 
testis ;  vs  df,  vas  deferens  ;  vs  sm,  vesiculae  seminales. 

Fig.  18.  Male  Reproductive  Organs  (ventral  aspect)  x  9.7. 

ae,  apex  of  aedeagus;  1  1,  lateral  lobe;  m  f,  median  foramen; 
m  1,  median  lobe;  m  o,  median  orifice;  o  p,  oval  piece;  st, 
sternite ;  ter,  tergite. 

Fig.  19.  Female  Reproductive  Organs  (ventral  aspect)  x  5.5. 

b  c,  bursa  copulatrix ;  ch  pi,  chitinized  plate  ;  ov,  oviduct ;  st, 
sternite ;  sty,  stylus ;  ter,  tergite ;  u,  uterus. 

Fig.  20.  Female  Reproductive  Organs  (dorsal  aspect)  x  9.7. 

an  gl  rs,  anal  gland  reservoir ;  b  c,  bursa  copulatrix ;  ch  pi, 
chitinized  plate ;  ext,  coxite  ;  ov,  oviduct ;  spm,  spermatheca ; 
st,  sternite;  sty,  stylus;  ter,  tergite;  u,  uterus;  va,  valvifer. 


PLATE  X. 


<  ' 


'S 


■ 


/.  IT.  Cook  del. 


CALOSOMA  INQUISITOR  L.  (Larva). 

Fig.  21.  Head  and  Prothorax  (dorsal  aspect)  x  5.5. 

an,  antenna  ;■  lbi,  labium ;  lbr,  labrum ;  mn,  mandible ;  mx, 
maxilla  ;  oc,  ocelli. 

Fig.  22.  Three  Posterior  Segments  (dorsal  aspect)  X  5.5. 

Fig.  23.  Eleventh  Segment  (lateral  aspect)  x  9.7. 

ant,  anterior ;  post,  posterior. 

Fig.  24.  Head  (ventral  aspect)  x  9.7. 

an,  antenna;  ca,  cardo  ;  g,  galea;  1  pa,  labial  palp;  mn,  man¬ 
dible  ;  mx  pa,  maxillary  palp  ;  m,  mentum  ;  pm,  prementum  ; 
s,  stipes. 

Fig.  25.  Three  Posterior  Segments  (ventral  aspect)  x  9.7. 

Fig.  26.  Leg  x  9.7. 

cx,  coxa;  f,  femur;  ta,  tarsus;  ti,  tibia;  tr,  trochanter. 
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THE  ANATOMY  AND  HISTOLOGY  OF  THE 
ALIMENTARY  CANAL  OF  THE  ADULT  NEBRIA 
BREVICOLLIS  Linn.  (COLEOPT.). 
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(Department  of  Zoology,  University  of  Bristol). 
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1 .  Introduction. 

Nebria  brevicollis  is  a  common  Carabid  beetle,  about  which 
little  is  known.  This  investigation  was  undertaken  as  a  pre¬ 
liminary  to  studying  its  economic  importance. 

The  writer  is  greatly  indebted  to  Dr.  H.  G.  H.  Kearns,  of 
Long  Ashton  Research  Station,  Bristol,  for  much  generous  help 
and  advice.  She  is  also  glad  of  this  opportunity  of  thanking 
Mr.  A.  Wilkins,  Laboratory  Assistant  at  Long  Ashton,  who 
obtained  much  material  and  looked  after  the  beetles  in  captivity. 

2.  Technique. 

The  histology  of  the  gut  was  studied  by  means  of  micro¬ 
scopical  sections.  As  it  was  found  that  the  presence  of  grit  in 
the  crop  damaged  the  microtome  knife,  attempts  were  made  to 
starve  the  beetles  before  dissection.  Many  of  the  beetles  were 
sluggish  or  moribund  and  died  after  only  a  few  hours’  starva¬ 
tion,  putrefaction  of  the  intestine  progressing  rapidly.  Subse¬ 
quently  it  was  found  more  satisfactory  to  remove  the  contents 
of  the  crop  through  an  Incision  in  the  wall,  the  rest  of  the  gut 
containing  a  negligible  quantity  of  grit.  This  suggests  the  possi¬ 
bility  that  the  grit  is  regurgitated  from  the  crop. 

The  specimen  for  dissection  was  killed  by  immersing  in 
Carnoy’s  fluid  for  a  few  seconds.  Total  immersion  is  necessary 
or  the  beetle  gulps  air  into  the  crop,  rendering  dissection  trouble¬ 
some,  and  fixation  imperfect.  The  gut  was  dissected  out  in 
normal  saline.  It  was  cut  into  about  three  pieces,  which  were 
straightened  out  and  pinned  on  to  small  strips  of  cork.  Carnoy’s 
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and  Bouin’s  fluids  were  used  as  fixatives.  The  portions  of  gut 
fixed  for  about  one  hour  in  cold  Carrioy’s  fuid  were  satisfactory. 
The  best  preparations  were  obtained  with  Bouin’s  fluid,  the 
material  being  fixed  for  about  three  hours  in  a  hot  io  per  cent, 
alcoholic  solution.  The  material  was  then  dehydrated  in  alcohol, 
after  which  it  had  hardened,  and  so  could  be  removed  from  the 
cork  without  collapsing  or  twisting,  and  it  was  cleared  in  cedar 
wood  oil.  It  was  then  embedded,  after  previous  treatment  with 
benzole  and  benzole  wax,  and  sections  of  5/*  were  cut. 

The  sections  were  stained  by  the  following  methods:  — 

(a)  Delafield’s  haematoxylin,  counterstained  with  eosin. 

( b )  Erlich’s  haematoxylin,  counterstained  with  eosin. 

(c)  Heidenhain’s  haematoxylin. 

Heidenhain’s  haematoxylin  gave  the  best  results  for  detailed 
histology.  Delafield’s  haematoxylin  and  eosin  was  excellent  for 
giving  general  impressions,  but  did  not  show  cell  structure  quite 
so  clearly. 

Sections  were  also  taken  through  the  entire  head,  in  order  to 
examine  the  glands.  Owing  to  the  great  thickness  of  the  exo¬ 
skeleton,  it  was  impossible  to  cut  thin  sections.  Attempts  were, 
therefore,  made  to  soften  the  chitin  with  sodium  hypochlorite, 
but  the  soft  tissues  were  attacked  rapidly  and  the  chitin  was  not 
softened  appreciably  before  this  occurred. 

Subsequently  the  heads  were  dehydrated,  embedded  in  celloi- 
din,  and  cut  on  a  hand  microtome  70-90/*  thick.  Sections  as 
thick  as  90/*  showed  the  structure  remarkably  clearly,  with  little 
distortion. 

3.  The  Alimentary  Canal. 

The  alimentary  canal  is  divisible  into  three  regions,  the  fore-, 
mid-  and  hind-gut  (PL  XII,  fig.  1). 

(a)  The  fore- gut. 

The  fore-gut  consists  of  oesophagus,  crop  and  gizzard.  The 
oesophagus  is  a  straight  narrow  tube  passing  through  the  head, 
between  the  thick  connectives  joining  the  supra-  and  infra- 
oesophageal  ganglia.  It  merges  into  the  crop  at  the  posterior 
end  of  the  prothorax.  Its  opening  into  the  buccal  cavity  is  a 
narrow  transverse  slit  (PL  XVI,  fig.  19,  oe),  the  ventral  wall  of 
which  is  strengthened  by  a  stout  sclerotised  bar,  the  hypo- 
pharynx.  Dorsally  is  a  thick  muscular  pad,  most  of  the  fibres  of 
which  run  transversely  across  the  head  to  become  attached  to 
certain  parts  of  the  endoskeleton.  One  pair  of  muscles,  how¬ 
ever,  pass  obliquely  upwards  and  are  inserted  into  the  dorsal 
wall  of  the  head,  just  anterior  to  the  supro-oesophageal  gang¬ 
lion.  The  ducts  of  certain  glands  appear  to  open  into  the  oeso¬ 
phagus  at  this  region.  A  pair  of  wide  irregular  channels,  into 


I93&-] 


121 


which  the  ducts  of  the  maxillary  glands  pass  (PI.  XVI,  fig.  19, 
m.g.d.),  open  into  the  extreme  ends  of  the  slit-like  oesophagus. 
The  duct  from  the  lingual  gland  opens  on  the  median  ventral 
surface  of  the  oesophagus  just  anterior  to  the  sclerotised  bar  of 
the  hypopharynx  (PL  XVI,  fig.  19,  l.g.d.).  The  oesophageal 
epithelium  is  a  syncytium  and  is  much  convoluted  anteriorly 
(PI.  XII,  figs.  2  and  3,  syn.  ep.),  but  tends  to  flatten  out  further 
back  (PL  XII,  fig.  4,  syn.  ep.).  The  thick  sclerotised  intima 
(PL  XII,  figs.  2  and  3,  int.)  at  first  follows  the  epithelium  closely, 
but  soon  shows  secondary  convolutions,  which  become  more 
marked  as  the  epithelium  flattens  (PL  XII,  fig.  4,  int.).  The 
muscle  layers  vary  considerably  in  different  regions.  At  the 
extreme  anterior  end  there  is  a  thick,  transverse,  dorsal  pad  of 
muscle,  described  above.  Further  back,  the  lumen  of  the  oeso¬ 
phagus  becomes  semi-lunar,  and  the  muscles  are  continued  ven- 
trally  to  surround  it  completely.  A  few  longitudinal  fibres  are 
developed  between  the  epithelium  and  the  circular  muscles.  At 
the  region  where  the  oesophagus  passes  between  the  neural  con¬ 
nectives,  a  pair  of  slender  muscles  appear  ventro-laterally  and 
run  longitudinally  for  a  short  distance  (PL  XII,  fig.  2,  and  PL 
XVI,  fig.  20,  l.m.).  The  inner  longitudinal  muscles  increase 
in  number  in  the  oesophageal  region  in  the  head,  and  then 
gradually  decrease  again  where  the  oesophagus  passes  into  the 
crop.  Similarly  the  layer  of  circular  muscles  becomes  thinner, 
until  it  is  only  one  fibre  thick. 

The  crop  (PL  XII,  figs.  1,  cr.  ;  and  5)  is  a  large  thin-walled 
sac  situated  in  the  meso-  and  metathorax,  capable  of  great 
dilation.  When  only  partly  filled  with  food,  constrictions  appear 
formed  by  a  series  of  narrow  bands  of  longitudinal  muscles 
occurring  at  almost  equal  intervals  round  it.  The  epithelium  is 
similar  to  that  of  the  oesophagus,  the  degree  of  convolution  de¬ 
pending  on  the  amount  of  distension.  The  intima  (PL  XII, 
fig.  5,  int.)  is  well  developed,  but  is  not  so  thick  as  in  the  oeso¬ 
phagus.  The  muscle  layers  are  poorly  developed.  There  are 
small  groups  of  internal  longitudinal  fibres  (l.m.)  occurring  at 
intervals,  and  a  continuous  external  layer  of  circular  muscles 
(c.m.),  seldom  more  than  one  fibre  in  thickness. 

The  gizzard  (PL  XII,  fig.  1,  giz.)  is  a  small,  dark  brown, 
barrel-shaped  body,  lying  obliquely  in  the  first  abdominal 
segment. 

Histologically  it  is  divisible  into  three  regions  (PL  XII, 
fig.  1,  and  PL  XIII,  fig.  7,  (a  and  b),  c,  d).  The  anterior 
region  is  a  narrow  curved  tube  joining  the  left  side  of  the  crop 
to  the  gizzard  proper  (PL  XII,  fig.  1,  and  PL  XIII,  figs.  6  and 
7).  The  epithelium  forms  eight  teeth,  four  large  and  rounded 
alternating  with  four  small  and  wedge-shaped  (PL  XIII,  figs.  6 
and  7,  and  PL  XIV,  fig.  10,  syn.  ep.).  The  intima  is  thick  and 
bears  small  spherical  protuberences,  from  each  of  which  grows 
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a  single  stiff  seta,  or,  in  a  few  cases,  a  small  tuft  of  setae.  The 
setae  of  adjacent  teeth  cross  one  another,  forming  an  efficient 
sieve  for  particle's  of  food.  Small  amounts  of  grit  were  often 
observed  entangled  in  the  setae.  Both  longitudinal  and  circular 
muscles  are  well  developed,  the  circular  muscle  layer  becoming 
progressively  thicker,  while  the  longitudinal  muscles  are  pushed 
into  the  bases  of  the  eight  ‘  teeth  ’  (PI.  XIV,  fig.  io,  l.m.).  At 
the  posterior  end  of  the  anterior  region,  the  teeth  disappear  and 
are  replaced  in  the  middle  region  by  a  new  set  in  the  same  rela¬ 
tive  positions  (PI.  XIII,  figs.  7  and  8,  c.),  but  much  more  heavily 
sclerotised  and  connected  to  the  eight  plates  of  chitin  which  are 
pushed  out  into  the  surrounding  circular  muscle  (pi.  ch.).  Only 
the  four  smaller  teeth  bear  setae.  There  is  no  longitudinal 
muscle,  but  the  circular  muscle  layer  is  enormously  developed, 
the  individual  fibres  becoming  very  large.  The  posterior  region 
of  the  gizzard  is  a  short  tube  passing  into  the  mid-gut  (PI.  XII, 
fig.  1,  and  PI.  XIII,  fig.  7,  d;  PI.  XIV,  fig.  n).  The  epithelium 
is  at  first  a  syncytium,  but  becomes  columnar  (PI.  XIV,  fig.  11, 
syn.  ep.).  It  continues  a  short  distance  into  the  mid-gut,  and  is 
then  reflected  back  on  itself,  forming  a  small  projecting  valve. 
The  intima  becomes  very  thick  on  one  side,  and  is  irregularly 
convoluted  and  bears  scattered  hairs.  It  ends  at  the  edge  of 
the  valve. 

( b )  The  mid-gut. 

The  mid-gut  (PI.  XII,  fig.  1,  m.g.)  is  a  crescentic  tube,  ex¬ 
tending  from  the  hind  part  of  the  first  to  the  fourth  abdominal 
segment.  The  wall  is  formed  largely  by  numerous  short  white 
caecae.  They  are  largest  a  short  distance  behind  the  gizzard, 
and  become  smaller  as  the  gut  dips  ventrally  under  the  coils  of 
the  hind-gut  in  the  fourth  segment.  Each  caecum  has  the 
appearance  of  a  slightly  curved  pocket,  set  obliquely  on  the  gut 
wall,  so  as  to  point  forwards  and  outwards.  The  epithelium  of 
the  mid-gut  is  columnar  and  glandular  (PI.  XIV,  fig.  13,  gl.  ep.  ; 
PI.  XIII,  fig.  9).  The  nuclei  of  the  cells  are  relatively  large  and 
a  darkly  staining  nucleolus  and  chromatin  granules  are  plainly 
visible  (PI.  XIII,  fig.  9,  nu.).  One  or  more  vacuoles  are  present 
in  the  cytoplasm  at  the  inner  end  of  each  cell  (vac.).  The  inner 
edges  of  the  cells  show  a  clearly  differentiated  margin,  the 
‘  striated  hem  *  (str.).  In  Nebria,  the  border  appears  to  consist 
of  closely  apposed  filaments,  and  not  merely  striations  in  the 
protoplasm,  ias  Snodgrass  (1925)  found  in  the  honey  bee.  Most 
other  workers  agree  in  finding  the  striated  edge  to  consist  of 
filaments  (Imms,  1934).  In  Nebria,  groups  of  epithelial  cells 
become  detached  and  pass  freely  into  the  lumen  of  the  gut. 
A  delicate,  faintly  staining  layer  of  cells  appears  external  to  the 
glandular  epithelium,  shortly  before  it  becomes  detached  (PI. 
XIV,  fig.  14,  r.  ep.).  A  vaguely  defined  layer,  external  to  this 
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again,  was  observed  throughout  almost  the  whole  length  of  the 
mid-gut  (m.m.).  The  cell  walls  of  this  layer  were  indistinct,  but 
the  nuclei  were  large,  darkly  staining,  and  numerous.  They 
were  pressed  outwards  against  the  cell  wall,  so  that  in  some 
cases,  at  first  sight,  they  appeared  to  be  outside  the  cell.  This 
last  type  of  cell  was  not  present  in  the  part  of  the  wall  included 
in  the  caecae,  but  only  in  the  areas  between  the  caecae. 

The  nature  of  these  two  last  mentioned  layers  of  cells  is 
uncertain. 

The  writer  believes  that  the  inner  layer  is  composed  of  re¬ 
placement  cells  for  the  glandular  epithelium.  Henson  (1929)  and 
others  describe,  scattered  among  the  epithelial  cells,  small  groups 
of  cells,  which  have  definitely  been  shown  to  give  rise  to  new 
glandular  cells.  In  Aglais  urticae  L.,  however,  the  glandular 
epithelium  as  a  whole  never  comes  free  from  the  wall  of  the 
gut,  so  that  the  necessary  rate  of  replacement  is  slow.  In  Nebria, 
the  glandular  cells  are  seen  to  become  detached  in  large  groups, 
except  in  the  caecae,  where  the  cells  appear  to  remain  fixed. 
These  detached  epithelial  cells  disintegrate  as  they  pass  along 
the  mid-gut.  They  do  not  mix  with  the  food,  but  balls  of  granu¬ 
lar  material  were  observed  escaping  through  the  ‘  striated  hem  ’ 
of  the  epithelial  cells  and  apparently  fusing  into  a  similar 
material  which  surrounded  the  food  and  penetrated  through  it 
as  a  mesh  work.  This  wholesale  destruction  of  glandular  epi¬ 
thelium  suggests  that  it  is  at  least  reasonable  to  suppose  that  an 
efficient  replacement  layer  would  have  to  be  extensive,  and  not 
like  that  found  in  Aglais.  It  is  hoped  to  confirm  this  later  by  an 
examination  of  the  mid-gut  in  the  larva  and  pupa  of  Nebria. 
The  outer  layer  of  cells  is  probably  circular  muscle.  In  one  or 
two  sections,  very  faint  cross  striations  were  observed  with  a 
one-twelfth  objective.  It  is  interesting  to  note  that  Miss  K. 
Beard,  of  the  Zoology  Department,  Bristol  University,  has 
informed  the  writer  that  well  developed  circular  muscle  fibres 
occupy  a  similar  position  in  Pterostichus  vulgaris  L.  (Carabidae). 
Examination  of  Abax  striola  Fab.  showed  curious  cells,  faintly 
cross  striated,  and  with  more  nuclei  than  are  commonly  seen  in 
insect  muscle.  These  cells  are  very  similar  to  those  in  Nebria, 
which  confirms  the  suggestion  that  they  are  modified  muscle 
fibres,  though  the  object  of  the  modification  from  the  functional 
point  of  view  is  not  clear. 

Posteriorly  the  wall  of  the  mid-gut  is  thickened  by  the 
appearance  of  many  longitudinal  muscle  fibres,  which  are  only 
few  and  scattered  at  the  anterior  end  (PI.  XIV,  figs.  13  and  14, 
l.m.),  and  entirely  absent  in  the  region  where  the  maximum 
number  of  caecae  are  given  off.  Circular  muscle,  of  the  normal 
type  at  least,  is  absent  throughout  the  mid-gut,  and  does  not 
appear  again  until  a  sphincter  is  formed  round  the  valve  be¬ 
tween  the  mid-  and  hind-guts  (PI.  XIV,  fig.  14,  and  PI.  XV, 
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fig-.  15).  The  valve  is  formed  entirely  by  the  hind-gut,  the  intima 
even  being  reflected  a  short  distance  forwards  up  the  wall  of  the 
gut  (PI.  XV,  fig.  15,  x.). 

(c)  The  hind-gut. 

The  hind-gut  consists  of  two  parts.  The  anterior  region  or 
colon  is  a  tube  (PI.  XII,  fig.  1,  col.,  and  PI.  XV,  fig.  18),  coiled 
once  on  itself  in  the  third  and  fourth  abdominal  segments.  The 
wall  consists  of  a  wide  columnar  epithelium  of  relatively  large 
cells,  slightly  convoluted  and  with  a  thin  sclerotised  intima  (PI. 
XV,  fig.  18,  col.  ep.  ;  int.).  In  the  region  of  the  valve  mentioned 
above,  the  epithelium  forms  six  or  seven  large  ridges  of  unequal 
size  (PI.  XIV,  fig.  14).  The  longitudinal  muscles  are  well  de¬ 
veloped.  A  layer  of  circular  muscles  appears  among  the  longi¬ 
tudinal  muscles  and  becomes  thicker,  so  that  the  muscle  layers 
of  the  anterior  colon  are  three,  consisting  of  internal  and  ex¬ 
ternal  longitudinal  fibres  and,  between  these,  circular  fibres. 
The  internal  longitudinal  fibres  are  in  connection  with  the  valve 
only  (PI.  XV,  fig.  15,  l.m.)  and  do  not  pass  backwards  into  the 
colon  proper,  so  for  most  of  its  length  the  muscle  layers  of  the 
hind-gut  are  reversed  in  arrangement  to  those  of  the  fore-gut. 
There  are  four  malpighian  tubules,  which  communicate  with  the 
lumen  of  the  hind-gut  just  posterior  to  the  valve.  The  colon 
passes  abruptly  into  the  rectum,  the  change  being  heralded  by 
the  columnar  epithelium  becoming  narrower  and  tending  to  lose 
its  well-marked  cell  walls. 

The  rectum  (PI.  XII,  fig.  1,  rec.)  is  a  large  sac  capable  of 
great  distension,  in  the  fourth  to  the  seventh  abdominal  seg¬ 
ments.  About  one-third  of  the  distance  from  the  anterior  end, 
circular  whitish  patches  are  visible  externally  (r.gl.),  indicating 
the  position  of  the  five  rectal  glands  (PI.  XV,  fig.  16,  r.gl.).  The 
rectal  epithelium  (syn.ep.)  is  a  syncytium  and  often  indistinct. 
It  is  produced  into  small  folds  between  the  glands.  More  pos¬ 
teriorly  the  convolutions  become  more  marked.  Anteriorly  the 
intima  is  very  thin.  It  becomes  wider  and  more  convoluted  so 
that  the  lumen  is  nearly  obliterated  in  the  seventh  abdominal 
segment  (PI.  XV,  fig.  17).  The  rectal  glands  are  not  all  at  pre¬ 
cisely  the  same  level,  so  that  transverse  sections  passing  through 
one,  three,  or  five  glands  may  be  obtained  (PI.  XV,  fig.  16).  The 
epithelium  forming  them  is  columnar  and  the  individual  cells 
are  large,  with  large  oval  nuclei,  in  which  the  chromatin 
granules  are  clearly  seen.  Little  is  known  of  the  function  of 
these  glands.  Wigglesworth  (1932)  suggests  that  they  reabsorb 
into  the  body,  water,  which  would  otherwise  pass  out  with  the 
excretions  from  the  malpighian  tubules  and  the  undigested  food. 
In  the  anterior  three-quarters  of  its  length  the  muscular  de¬ 
velopment  of  the  rectal  wall  is  poor  (PI.  XV,  fig.  16).  There  is  a 
layer  of  circular  muscles  one  fibre  in  thickness,  and  scattered 
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groups  of  longitudinal  muscles  occur  at  infrequent  intervals 
outside  it.  In  the  posterior  portion,  the  longitudinal  muscles 
disappear  altogether,  while  the  circular  muscle  layer  becomes 
greatly  developed  to  form  an  anal  sphincter  (PI.  XV,  fig.  17). 


4.  Malpighian  Tubules. 

The  malpighian  tubules  (PI.  XII,  fig.  1,  m.t.  ;  and  PI.  XIV, 
fig.  12)  are  long,  fine,  cream-coloured  threads  coiled  among  the 
digestive  and  reproductive  organs.  Each  is  in  the  form  of  a 
tube,  with  an  irregular  lumen.  The  wall,  in  section,  consists  of 
a  layer  of  ten  to  fifteen  large  epithelial  cells,  with  deeply  stain¬ 
ing  nuclei.  The  wall  of  each  cell  bordering  the  lumen  shows 
striations  of  irregular  width,  due  to  pore  canals  (po.).  Small 
brown  granules  (ex.)  are  present  in  large  numbers,  both  in  the 
cells  and  in  the  lumen.  The  yellowish  tinge  of  the  tubule  is  due 
to  their  presence.  Since  malpighian  tubules  in  insects  are  be¬ 
lieved  to  function  as  excretory  organs,  it  is  probable  that  these 
granules  are  excretory  matter.  Outside  the  epithelium  is  a  peri¬ 
toneal  coat  (p.c.),  in  which  are  scattered  a  few  oval  nuclei. 


5.  Glands  of  the  Head. 

Transverse  sections  through  the  head  show  various  glands, 
some  of  which  probably  serve  a  digestive  function  since  their 
ducts  open  into  the  mouth  or  at  the  base  of  the  mouth-parts. 
A  detailed  examination  has  not  been  attempted,  but  their 
general  structure  is  described  below. 

(•a)  The  mandibular  glands.  A  small  granular  mass  of  cells 
occurs  in  the  widened  base  of  the  mandible.  The  cells  are  very 
large  and  vacuolated. 

(b)  The  maxillary  glands  (PI.  XVI,  fig.  19,  mx.g.).  Each 
appears  as  a  large  granular  mass  at  the  base  of  the  maxilla, 
near  the  lateral  wall  of  the  head.  The  ducts  unite  to  enter  by  a 
short  common  duct  (m.g.d.)  into  an  irregular  channel  lined  with 
chitin  and  bearing  microtrichia.  The  channel  extends  deep  into 
the  head  and  opens  to  the  exterior  at  the  base  of  the  maxilla. 
The  histological  appearance  of  the  cells  is  similar  to  that  of  the 
mandibular  glands,  which  suggests  that  they  are  probably  the 
main  part  of  the  same  gland. 

(c)  The  lingual  gland  (l.g.).  Small  scattered  groups  of 
glandular  cells  occur  among  the  muscles  of  the  mentum  and  the 
gulamentum.  Their  ducts  appear  to  converge  on  a  median  duct 
(l.g.d.)  which  opens  on  the  floor  of  the  buccal  cavity.  The  cells 
differ  in  appearance  from  the  previous  glands  in  being  smaller 
and  more  compactly  arranged. 
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( d )  The  ante-cerebral  gland  (a.c.g.).  There  are  large  masses 
of  glandular  tissue  anterior  to  the  supra-oesophageal  ganglion 
(s.o.g.).  Portions  of  the  gland  extend  laterally,  close  under  the 
exoskeleton  for  a  considerable  distance.  Some  parts  are  in  close 
contact  with  the  maxillary  glands,  but  remain  distinct  from 
them  as  they  differ  in  histological  detail.  No  ducts  have  been 
observed. 

(e)  The  post-cerebral  gland  (PI.  XVI,  fig.  20,  p.c.g.).  This 
gland  is  posterior  to  the  supra-oesophageal  ganglion,  and  con¬ 
sists  of  large  lobular  masses  of  cells.  A  pair  of  symmetrically 
arranged  tracheae  runs  through  the  gland,  parallel  with  the 
oesophagus.  No  ducts  have  been  observed. 


6.  Summary. 

1.  Neb  via  brevicollis  is  a  Carabid  beetle  which  occurs  in 
large  numbers  on  cultivated  light  land,  such  as  strawberry  beds, 
at  certain  seasons.  The  anatomy  and  histology  of  the  alimentary 
canal  were  studied  as  a  preliminary  to  an  investigation  of  the 
diet  of  this  species. 

2.  The  gut  consists  of  the  normal  divisions. 

The  gizzard  is  very  heavily  sclerotised  and  shows  great 
muscular  development. 

In  the  mid-gut,  the  glandular  epithelium  becomes  detached. 
There  is  no  peritrophic  membrane.  Two  layers  of  peculiar  cells 
outside  the  epithelium  are  described.  It  is  suggested  that  the 
inner  of  these  is  a  replacement  layer  for  the  glandular  cells,  and 
the  outer  is  probably  greatly  modified  muscle. 

In  the  hind-gut,  the  colon  forms  a  valve  anteriorly,  with  a 
sphincter  muscle  which  is  able  to  constrict  the  lumen  off  from 
the  mid-gut.  There  are  five  rectal  glands  present.  The  muscle 
layers  of  the  hind-gut  are  reversed  in  arrangement  to  those  of 
the  fore-gut.  An  anal  sphincter  is  present. 

3.  There  are  four  malpighian  tubules. 

4.  The  glands  of  the  head  are  described.  Of  these,  the  maxil¬ 
lary  and  lingual  glands  have  ducts  to  the  digestive  tract. 
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Abbreviations  used  on  Plates  XII-XVL 

abd.  i.,  first  abdominal  segment;  abd.  vii. ,  seventh  abdominal  segment; 
a.c.g.,  ante-cerebral  gland  ;  an.,  anus  ;  caec.,  caecum  ;  col.,  colon  ;  col.  ep., 
columnar  epithelium;  cm.,  circular  muscle;  conn.,  circum-oesophageal 
connective ;  cr.,  crop ;  cub.  ep.,  cubical  epithelium ;  ep.,  epithelium  of 
malphigian  tubule  ;  ex.,  excretory  material  ;  eye,  compound  eye  ;  f.,  food 
mass  ;  giz.,  gizzard  ;  gl.  ep.,  glandular  epithelium  ;  h.,  hair  ;  h.cap.,  head 
capsule ;  h.s.t.,  highly  sclerotised  partion  of  tooth  ;  int.,  intima  ;  i.o.g., 

infra-oesophageal  ganglion;  l.g.,  lingual  gland;  l.lg.d.,  lingual  gland  duct; 
l.m.,  longitudinal  muscle  ;  lig. ,  ligula  ;  l.s.t.,  lightly  sclerotised  portion  of 
tooth;  mes.,  mesothorax met.,  metathorax;  m.g.,  mid-gut;  m.g.d. , 
maxillary  gland  duct;  m.m. ,  mid-gut  muscle;  mn,,  mandible;  m.t., 
malphigian  tubules;  m.x.g.,  maxillary  gland;  nu.,  nucleus;  oe.,  oesophagus; 
op.n.,  optic  nerve;  p.c.,  peritoneal  coat  of  malphigian  tubule  ;  p.c.g.,  post¬ 
cerebral  gland  ;  pi.  ch.,  chitinous  plate  ;  po.,  pore  canals  of  epithelium  of 
malphigian  tubules;  pro.,  prothorax;  rec.,  rectum;,  r.ep.,  replacement 
epithelium;  r.gl.,  rectal  gland;  sec.,  ball  of  secretion  produced  by  glandular 
epithelium  ;  s.o.g.,  supra-oesophageal  ganglion  ;  str.,  ‘  striated  hem  ’  of 

glandular  epithelium ;  syn.ep.,  syncytial  epithelium  ;  tr.,  trachea  ;  vac., 
vacuole  in  cytoplasm  of  glandular  epithelium;  x.,  point  at  which  hind-gut 
meets  mid-gut,  in  fig.  15. 
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PLATE  XII. 


) 

M.  Carleton  del. 

Nebria  brevicollis  Linn.  (Coleopt.). 


Fig.  i.  Dissection  to  show  the  alimentary  canal. 

Fig.  2.  T.S.  Oesophagus,  anterior  region. 

Fig.  3.  T.S.  Oesophagus,  median  region. 

Fig.  4.  T.S.  Portion  of  wall  of  oesophagus,  posterior  region. 

Fig.  5.  T.S.  Crop. 


PLATE  XIII. 


M.  Carleton  del. 


Fig. 

6. 

x:s. 

Fig. 

7* 

L.S. 

Fig. 

8. 

T.S. 

Fig. 

9- 

T.S. 

Nebria  brevicollis  Linn.  (Coleopt.). 

Gizzard  through  region  a  in  fig.  7. 
Gizzard. 

Gizzard  through  region  c  in  fig.  7. 

Portion  of  glandular  epithelium  of  mid-gut. 


PLATE  XIV. 


M.  Carle  ion  del. 


Nehria  brevicollis  Linn.  (Coleopt.). 

Fig.  io.  T.S.  Gizzard  through  region  b  in  fig.  7. 
Fig.  11.  T.S.  Gizzard  through  region  d  in  fig.  7. 

Fig.  12.  T.S.  Malpighian  tubule. 

Fig.  13.  T.S.  Mid-gut,  median  region. 

Fig.  14.  T.S.  Valve  between  mid-gut  and  hind-gut. 


PLATE  XV. 


M.  Carleton  del. 

Nebria  brevicollis  Linn.  (Coleopt.). 

Fig.  15.  L-.S.  Valve  between  mid-gut  and  hind-gut. 

bio.  16.  T.S,  Rectum  at  region  of  glands. 

Fig.  17.  T.S.  Anal  sphincter. 

Fig.  18.  T.S.  Colon. 


soi.  ep. 


PLATE  XVI. 


Nebria  brevicollis  Linn.  (Coleopt.). 

Fig.  19.  T.S.  Head,  at  region  just  posterior  to  insertion  of  antennae. 

Fig.  20  T.S.  Head,  slightly  oblique,  passing  through  the  left  circum- 

oesophageal  connective. 
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THE  AQUATIC  COLEOPTERA  OF  NORTH 
AND  SOUTH  SOMERSETSHIRE. 

By  Frank  Balfour-Browne,  M.A.  (Oxon.  et  Cantab.), 

F.R.S.E.,  F.L.S. ,  F.Z.S.,  F.R.E.S.,  F.R.M.S.,  F.S.B.E. 

(formerly  Professor  of  Entomology  at  the  Imperial  College  of  Science, 

London). 

In  the  Victoria  County  History  of  Somersetshire  (i i)*  is  a 
list  of  beetles  put  together  by  Lt.-Col.  Linley  Blathwayt.  It  in¬ 
cludes  yi  species  of  Hydradephaga  and  aquatic  Hydrophilidae, 
i.e.  omitting  the  genera  Sphaeridium,  Cercyon,  Megasternum 
and  Cryptopleurum.  The  author  says  :  ‘  The  only  person,  so  far 
as  I  have  been  able  to  discover,  who  systematically  collected 
beetles  in  the  county  was  the  late  Gillo  of  Bath,  but  he  never 
published  a  complete  list  and  I  don’t  know  what  became  of  his 
collection.  ’  Yet,  among  the  water-beetles,  Blathwayt  only 
marks  22  as  having  been  taken  by  Gillo,  although  Gillo’s  notes, 
published  in  the  Ent.  Mon.  Mag.,  the  Young  Naturalist,  the  Ent. 
Rec.  and  the  Entomologist  give  a  list  of  53  species  taken  by  him 
in  the  county. 

The  only  other  list  of  Somersetshire  water-beetles  is  one  by 
J.  Barrington  (Mrs.  Omer  Cooper)  (5),  which,  she  states,  is 
compiled  from  the  Victoria  County  History,  a  few  records  in  the 
Ent.  Mon.  Mag.  and  her  own  observations.  This  list  includes 
66  Hydradephaga,  of  which  she  describes  20  as  being  new  to 
the  county,  although,  as  a  fact,  six  of  these  had  already  been 
recorded. 

The  present  list  includes  91  species  of  Hydradephaga  and  53 
aquatic  Hydrophilidae,  a  total  of  144  species  taken  by  me  and 
eight  other  species  which  I  have  not  taken. 

Somersetshire  is  divided  into  two  vice-counties,  north  and 
south,  separated  by  the  River  Parrett  from  its  mouth  below 
Bridgwater  to  and  along  its  tributary,  the  River  Yeo  or  Ivel, 
through  Ilchester  and  thence  to  the  northern  boundary  of  Dor¬ 
set.  I  have  worked  the  northern  area  more  than  the  southern 
and  have  taken  139  species  in  it,  and  there  are  eight  other  records 
of  species  I  have  not  taken.  In  the  southern  area  I  have  taken 
100  species  and  there  are  four  additional  records.  Six  of  my 
southern  records  are  for  species  I  have  not  taken  in  the  north 
and  45  species  I  have  taken  in  the  north  but  have  failed  to  find 
in  the  south.  I  first  collected  in  the  county  for  twelve  days  in 

*  The  numbers  in  brackets  refer  to  the  numbers  in  the  bibliography. 
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the  spring  of  1915,  when  I  noted  96  species  in  the  northern  area, 
and  there  are  some  interesting-  points  of  comparison  to  be  noted 
between  the  collections  of  1915  and  those  of  the  subsequent 
period,  which  will  be  referred  to  later.  Of  all  the  papers  men¬ 
tioning-  Somersetshire  water-beetles,  that  of  Miss  J.  Barrington 
(5)  is  the  only  one  which  is  in  any  sense  a  study  of  the  county 
Dytiscids.  It  must  be  obvious  that  conclusions  drawn  at  any 
time  are  liable  to  be  upset  by  subsequent  research,  and  thus  my 
criticisms  of  this  paper  must  not  be  taken  as  in  any  sense  be¬ 
littling  the  excellent  work  it  contains. 

In  her  paper,  she  refers  to  two  types  of  peaty-water  habitat. 
She  distinguishes  the  low-lying  peat  moors  from  the  sphagnum 
bogs  which  occur  on  the  hill  tops,  of  which  she  gives  Blagdon 
and  Priddy  as  examples.  I  cannot  recognise  Priddy  as  a  sphag¬ 
num  bog,  nor  do  I  know  any  area  around  Blagdon  or  on  any 
other  high  ground  which  can  be  so  described,  but,  all  the  same, 
the  typical  black-peat-bog  species  of  the  low  ground  are  mostly 
to  be  found  at  Priddy.  The  collecting  ground  at  Priddy  is  a 
fairly  extensive  area  associated  with  a  derelict  lead  mine,  the 
ground  being  marked  upon  the  one-inch  ordnance  map  as  ‘  North 
Hill.*  There  are  several  springs  and  a  number  of  ponds,  and,  at 
the  southern  end,  near  the  old  mine,  is  a  ‘  swallow  hole  ’  which 
takes  the  water  into  some  of  ‘  Mendip’s  sunless  caves.’  There  is 
a  fair  quantity  of  sphagnum,  but  there  is  no  area  which  can  be 
called  a  sphagnum-bog,  and,  excepting  Ilybius  fenestratus  and 
Gyrinus  minutus,  and  a  single  specimen  of  Hydroporus  obsoletus 
which  has  no  significance  in  this  connection,  none  of  the  species 
mentioned  by  Barrington  is  peculiar  to  that  area.  I  have,  how¬ 
ever,  since  found  Paracymus  nigro-aeneus  there  on  many  occa¬ 
sions,  but  nowhere  else. 

Barrington  described  Hydroporus  obscurus  as  a  species  of 
the  sphagnum  bogs  of  the  hill  tops  rather  than  of  the  lower  peat 
bogs,  but,  although  I  took  it  at  Priddy,  I  found  it  much  more 
commonly  at  Shapwick  and  Westhay.  Barrington  records 
Ilybius  guttiger  in  her  list  as  having  been  taken  by  Gillo  at 
Burnham  (26),  and  she  also  mentions  it  as  occurring  sparingly 
in  the  peat  moors.  There  is  no  specimen  of  this  species  in  the 
remnants  of  Gillo’s  collection,  and  as  Barrington  does  not  men¬ 
tion  I.  aenescens ,  which  occurs  fairly  commonly  at  Westhay  and 
at  Priddy,  I  believe  that  these  records  should  refer  to  this  latter 
species.  I  have  seen  a  9  specimen  of  I.  guttiger  from  Dorset, 
but  otherwise,  so  far  as  I  know,  this  species  has  not  yet  been 
taken  west  of  a  line  drawn  from  Sussex  East,  Worcester,  Salop 
and  Chester,  although  there  is  a  record  by  Dillwyn  (18)  for 
Swansea,  who  describes  it  as  ‘  in  canal  at  the  willows,  not  com¬ 
mon,’  a  record  which  is  mentioned  by  Tomlin  (38)  as  doubtful 
on  the  ground  that  this  species  is  ‘  highly  unlikely  to  occur  in  a 
canal.  ’ 
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The  species  is  not  easy  to  determine,  although  I  have  now 
described  means  of  recognising  it  (4),  and  not  only  is  it  likely 
to  be  confused  with  aenescens  but  with  small  specimens  of 
obscurus.  In  1927,  I  took  a  very  small  black  $  Ilybius  at  West- 
hay  which,  for  a  long  time,  I  retained  in  my  collection  and  in 
my  notes  as  r  I.  guttiger  ?  ’  and  it  was  not  until  I  came  to  study 
the  genus  for  my  ‘  Systematic  Notes  ’  that  I  found  this  was 
obscurus. 

Barrington’s  comparison  of  the  water-beetle  fauna  of  the 
Somerset  peat  bogs  with  that  of  Wicken  Fen,  Cambs.,  is  un¬ 
fortunate,  as  of  the  five  species  she  mentions  as  being  found  at 
Wicken  but  not  in  Somerset  peat  areas,  two,  H.  memnonius 
and  H.  incognitus,  are  so  found,  while  the  other  three,  A.  undu- 
latus ,  R.  exsoletus  1  and  D.  circumcinctus  are  not  in  any  sense 
special  Wicken  species.  Nevertheless,  I  agree  with  her  that 
these  three  species,  together  with  I.  guttiger  and  some  others, 
absent  or  exceedingly  rare  in  south-west  England,  probably 
represent  a  later  invasion  from  the  Continent  which,  for  some 
reason,  has  moved  north-west  and  has  not  been  able  to  reach  the 
south-western  counties,  either  because  the  species  are  kept  out 
by  competition  or  for  some  reason  which  is  not  yet  recognised. 

The  species  recorded  for  the  county  but  not  taken  by  me  are  : 

North  Somerset.2 
Hydroporus  obsoletus 
Ilybius  guttiger 
Dytiscus  circumflexus 
Gyrinus  bicolor 
Laccobius  sinuatus 
Helophorus  rugosus 
Hydrochus  brevis 
Octhebius  punctatus 
Hydraena,  nigrita 

With  regard  to  these  two  lists,  a  single  specimen  of  H.  obso¬ 
letus  is  recorded  by  Barrington.  This  is  a  species  which  I  have 
met  with  only  eleven  times  in  the  British  Islands  in  all  the  years 
I  have  collected  aquatic  Coleoptera,  and,  except  on  one  occasion 
out  of  the  eleven,  I  have  never  taken  more  than  one  specimen  at 
a  time.  Even  in  Madeira,  where  I  found  two  specimens  on  the 
same  day,  they  were  in  different  places,  and  in  Morocco,  al¬ 
though  I  found  two  specimens  on  the  same  day,  they  were  in 
different  places.  It  is  difficult  to  understand  the  biology  of  a 
species  which  seems  to  consist  of  isolated  specimens.  Its  range 

1  A  single  specimen  of  this  species  occurred,  but  it  would  scarcely  justify 
including  it  as  a  native  of  the  county. 

2  Hydroporus  ferrugineus  Steph.  should  have  been  included  in  this  list, 
but  I  overlooked  the  record  until  the  paper  was  in  proof  (see  1935,  Ent. 
Mon .  Mag.,  71  :  66). 


South  Somerset. 
Deronectes  latus 
Agabus  guttatus 
,,  biguttatus 
Rantus  grapii 
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is  from  southern  Norway  to  northern  Africa  and  Palestine,  but 
it  is  usually  regarded  as  a  Mediterranean  species.  It  nearly 
always  occurs  in  running  water,  so  far  as  my  experience  goes, 
but  the  merest  trickle  through  a  peaty  pool  seems  to  be  as  suit¬ 
able  as  a  pool  in  a  stream.  I  have  taken  it  at  1,850  feet  above 
sea  level  in  Dumfriesshire  and  at  various  lower  levels  down  to 
the  sea  shore,  but  the  majority  of  places  have  been  peaty,  and 
Priddy  is  a  peaty  habitat. 

D .  circinnflexus  is  a  south-eastern  species,  its  range  extend¬ 
ing  from  Yorks  S.E.  to  Hants  South,  and,  although  it  is  mainly 
a  maritime  species,  there  are  a  number  of  inland  county  records, 
such  as  Northampton,  Berks,  Middlesex,  Surrey,  etc.  There  is 
one  old  record  for  Edinburgh  (20),  omitted  by  Murray  in  his 
Coleoptera  of  Scotland  (30),  and  the  only  other  outlying  records 
are  for  Glamorgan  and  North  Somerset.  The  former  is  in  Dill- 
wyn’s  list  (18).  The  North  Somerset  record  is  by  Gillo  (25,  26) 
for  one  or  more  specimens  taken  at  Burnham.  I  expect  that 
only  one  specimen  was  found  and  that,  as  in  the  case  of  the 
previous  species,  it  was  a  chance  specimen  only. 

G.  bicolor.  A  single  specimen  recorded  by  Gillo  (23)  from 
the  canal  near  Bath.  It  seems  unlikely  that  it  is  correct,  but 
there  is  no  means  of  checking  it  as  Gillo’s  collection  is  now  quite 
valueless  (see  p.  142).  It  seems  most  probable  that  the  specimen 
was  G.  caspius,  a  common  enough  species  in  Somerset.  Records 
of  G.  bicolor  are  scattered  throughout  England,  and  there  are 
several  for  Irish  counties,  but  I  have  taken  the  species  only  in 
East  Norfolk,  Down  and  Roscommon  and  have  never  seen  a 
specimen  from  anywhere  else. 

L.  sinuatus  is  another  of  Gillo’s  records  (26),  and  probably 
refers  to  what  is  now  L.  striatulus  (nigriceps  Thoms.). 

H.  rugosus  is  a  Stephens  record  according  to  the  Victoria 
County  List,  but  I  cannot  find  any  reference  to  a  Somerset 
locality  in  Stephens’  Ill.  Brit.  (36)  or  the  Manual  (37).  It  can 
scarcely  be  regarded  as  a  water-beetle  ;  hence  its  absence  from 
my  net,  but  it  is  a  species  which  is  widely  distributed. 

H.  brevis.  I  have  included  this  in  the  list  as  it  is  mentioned 
by  Stephens  (36)  as  having  been  taken  ‘near  Bristol,’  and  the 
locality  may  well  have  been  in  Gloucestershire.  In  any  case,  this 
is  the  most  south-western  record  for  the  species,  the  nearest 
ones  being  for  Glamorgan,  Leicester,  Hunts  and  Surrey,  and  I 
am  inclined  to  doubt  the  determination. 

O.  punctatus  almost  certainly  occurs  in  North  Somerset,  as 
I  have  taken  it  in  South  Somerset  and  it  occurs  in  south  and 
south-west  Wales. 

H.  nigrita  I  have  also  taken  in  South  Somerset,  and  the 
North  Somerset  record  dates  from  1919  (28),  when  the  species 
was  taken  at  Long  Ashton. 
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With  regard  to  the  four  South  Somerset  records  : — 

D.  latus.  First  recorded  for  the  vice-county  by  Barrington 
from  the  stream  at  Cannington,  but  this  does  not  justify  her 
statement  ‘  a  somewhat  rare  species  which  occurs  sparsely  in  the 
county,’  scarcely  a  known  fact !  I  have  never  met  with  it  in 
either  vice-county,  but  I  have  worked  very  few  suitable  streams, 
and  I  should  certainly  expect  it  to  occur  farther  west  in  South 
Somerset  as  it  is  common  in  both  north  and  south  Devon. 

A.  guttatus.  There  seems  to  be  no  other  record  for  the  south 
vice-county  except  one  mentioned  in  the  Victoria  County  His¬ 
tory  as  ‘  Porlock  (Blatch).’  I  have  found  no  published  records 
by  Blatch,  but,  through  the  kindness  of  H.  Willoughby  Ellis, 
who  has  the  Blatch  Collection,  I  have  been  able  to  see  the  actual 
specimen.  This  is  a  common  running-water  species  in  most 
parts  of  the  country,  chiefly  affecting  narrow  rivulets  and  flow¬ 
ing  ditches.  No  doubt  it  will  be  found  again  in  this  vice-county 
if  it  is  searched  for,  but  it  is  not  until  one  begins  to  work  up 
material  for  such  a  paper  as  this  that  one  recognises  all  the 
things  that  have  been  left  undone. 

A.  biguttatus  is  also  in  the  county  list  as  having  been  taken 
at  Porlock  by  Blatch,  but  there  is  no  specimen  in  the  Blatch 
collection.  It  is  a  species  which  apparently  inhabits  springs, 
from  which  it  is  occasionally  washed  out  and  is  then  found  in 
streams  and  rivers,  usually  as  odd  specimens.  In  1932,  after  a 
flood,  two  specimens  were  found  under  stones  above  the  actual 
water  level  in  the  Skelton  Beck  just  above  Saltburn  by  the  late 
Lawson  Thompson.  Three  days  later  he  and  I  visited  the  same 
place,  but,  although  we  searched  long  and  far,  no  specimens 
were  to  be  found.  On  previous  occasions  Lawson  Thompson  had 
similarly  found  odd  specimens  along  the  damp  gravel  in  the 
river  bed.  Odd  specimens  have  a  way  of  turning  up  amongst 
guttatus.  I  found  a  male  under  such  circumstances  in  Pembroke¬ 
shire  in  August,  1931,  at  a  height  of  1,200  to  1,500  feet,  and 
Lawson  Thompson  sent  me  a  a*  and  9  amongst  several  guttatus 
taken  in  1906  in  Yorks  north-east.  There  is  no  reason  for  doubt¬ 
ing  this  South  Somerset  record,  as  the  species  occurs  scattered 
about  the  country,  and  I  have  seen  specimens  from  Stirling, 
Lanark,  Kirkcudbright,  Durham,  Yorks  N.E.,  Lancs.  S.  and 
Salop,  and  Harwood  has  recently  discovered  a  rich  centre  in 
Dorset. 

R.  grapii  is  a  common  species  in  the  black  peat  areas  of 
North  Somerset,  and  it  has  been  taken  frequently  by  Barrington 
on  the  Petherton  Levels  in  the  south,  where  I  have  not  worked. 

In  connection  with  the  following  list,  I  have  divided  up  both 
north  and  south  into  ‘  habitat  ’  areas,  and  the  distribution  of  the 
fauna,  as  known  to  me,  is  set  out  in  the  twenty  columns.  On 
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the  accompanying-  map  I  have  marked  these  areas,  which,  al¬ 
though  by  no  means  all  the  places  in  which  I  have  collected,  are 
either  fairly  definite  ‘  types/  or  they  are  the  spots  to  which  i 
have  returned  a  number  of  times  so  as  to  obtain  a  fair  know¬ 
ledge  of  the  fauna  of  the  area.  Incidentally,  the  map  shows 
what  a  comparatively  small  part  of  the  county  has  been  exam¬ 
ined,  and  it  is  most  likely  that  other  species  may  yet  be  found 
and  also  that  certain  species  are  more  common  than  the  records 
indicate. 

With  regard  to  the  twenty  areas,  a  short  description  of  each 
type  may  be  useful,  but  first  a  word  should  be  said  concerning 
the  whole  area  covered  by  my  work.  Most  of  the  ‘  habitats  ’  lie 
on  the  low  grounds  of  the  county,  which  are  largely  below  high 
tide  level  but  are  protected  by  sluices  from  inundation  by  the 
Bristol  Channel.  At  one  time  they  were  undoubtedly  estuaries 
or  bays,  which  gradually  became  silted  up  by  the  materials 
brought  in  by  the  tides,  and  ‘  bars  ’  were  formed  at  many  places 
along  the  coast,  so  that  for  long  periods  water,  possibly  brack¬ 
ish  from  the  mixture  of  land  water  with  the  spring  tide  invasions, 
covered  large  areas.  In  these  areas  peat  formation  began,  until 
14  feet,  and  more  in  some  places,  were  formed.  Subsequent  in¬ 
vasions  by  the  sea  and  the  deposition  of  material  by  flood  water 
have,  to  a  large  extent,  covered  up  this  peat,  often  to  depths  ol 
8  or  10  feet,  SO'  that  some  of  the  marsh  lands  show  little  or  no 
trace  of  the  peat  which  underlies  them.  On  the  site  of  the  new 
reservoir  which  is  being  constructed  below  Cheddar  there  is  at 
one  part  an  overlying  6  feet  of  alluvial  soil,  below  which  is  12 
feet  of  peat,  and  there  are  places  where  a  deeper  peat,  apparently 
of  less  thickness,  has  been  exposed.  For  this  information  I  am 
indebted  to  the  engineer  in  charge  of  the  works. 

As  to  the  age  of  the  peat  layers,  one  fact  mentioned  by 
Phelps  (33)  is  that  when  digging  foundations  for  a  bridge  at 
Highbridge  in  1804,  ‘  at  a  depth  of  7  feet  in  the  alluvial  deposit 
the  workmen  came  to  a  stratum  of  indurated  peat  lying  beneath 
it,  and  on  it  a  heap  of  Roman  pottery  .  .  .  ’  showing  that  ‘  the 
surface  of  the  peat  was  at  that  time  dry,  when  occupied  by  the 
Romans.  .  .  .’ 

There  seems  to  have  been  more  than  one  peat  period,  how¬ 
ever,  since  at  various  times  drainage  works  were  undertaken  at 
different  places  and  thus  peat  formation  in  those  areas  was 
checked.  Then,  either  through  neglect  or  some  other  cause,  the 
drains  ceased  to  function  and  the  ground  which  had  been  culti¬ 
vated  went  back  to  marsh.  The  history  of  the  district  round 
about  the  village  of  Meare  seems  to  have  been  studied  in  con¬ 
siderable  detail,  and  it  is  known  that  some  time  before  1545  the 
Abbots  of  Glastonbury  Monastery  erected  a  sluice  at  the  mouth 
of  the  River  Brue  ( l.c .,  p.  12)  and  did  other  drainage  works 
which  reduced  considerably  a  very  extensive  morass  which  sun 
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rounded  a  large  lake,  Meare  Pool,  and  which  I  believe  included 
the  areas  of  Ashcott,  Shapwick  and  Westhay.  In  1545  the 
monastery  was  dissolved,  and  then  there  was  a  period  in  which 
the  drainage  system  was  neglected  and  large  areas  which  had 
been  drained  became  waterlogged  once  again  and  more  peat  was 
formed.  Later  drainage  was  again  established  and  the  marsh 
was  reduced  to  a  lake  of  about  500  acres  in  extent,  and  in  this 
state  it  continued  until  1800,  when  further  drainage  schemes 
were  developed  and  a  large  part  of  the  morass  was  turned  into 
fine  pasture  land.  Thus  it  has  come  about  that  only  certain 
small  parts  of  this  once  extensive  marsh  remain  as  black  peat 
bog,  Ashcott,  Shapwick  and  Westhay,  while  in  most  of  the  other 
marsh  areas  the  peat  is  only  visible  where  the  drains  are  cut, 
and  even  in  these  it  is  not  always  exposed.  For  instance,  Teal- 
ham  moor  is  extensive  grazing  ground  where  the  drains  show 
little  evidence  of  underlying  peat,  whereas  Tadham  moor  to  the 
east  of  it  is  distinctly  more  peaty,  and  as  one  passes  farther 
east  along  this  line  the  peaty  nature  of  the  soil  becomes  more 
evident,  until  at  Westhay  the  black  peat  is  exposed  at  the  surface. 

With  this  introduction  as  to  the  low  ground  marsh  habitats, 
the  following  short  statements  will  give  a  rough  idea  of  the  20 
habitats  referred  to  in  the  columns  of  the  chart. 

Shapwick  (1)  and  Westhay  (2)  are  the  only  peat  bog  habitats, 
and  in  both  places  the  conditions  are  rapidly  changing  owing  to 
the  extensive  peat  cutting  which  has  developed  since  the  war. 
As,  however,  the  cutting  does  not  reach  the  bottom  of  the  peat, 
there  seems  every  reason  for  believing  that  when  the  pools 
mellow  the  fauna  will  recover  its  abundance  and,  let  us  hope, 
its  variety. 

Tealham  and  Tadham  (3),  Cross  (4),  Banwell  (5),  Mark  Fens 
(6),  King's  Sedge  Moor  (12)  and  West  Sedge  Moor  (19)  are 
cultivated  lands,  mostly  grass,  the  peatiness  varying  but  seldom 
being  very  evident.  Mendips  (high  ground)  (7),  the  collecting 
places  are  mostly  ponds  in  rather  clayey  soil. 

Priddy  (9)  has  already  been  described. 

The  coastal  marshes  (10  and  11)  show  little  or  no  sign  of 
peat,  there  being  a  thick  layer  of  alluvial  soil  on  the  surface,  and 
the  habitat  consists  mainly  of  the  drains. 

The  brick  pits  (15  and  16)  are  obviously  clay  holes  or,  as  I 
have  called  them  in  previous  papers,  4  silt  ponds/  where  the 
water  is  alkaline  or,  where  these  pits  are  near  the  coast,  as  at 
Burnham  and  Bridgwater,  may  be  slightly  brackish.  These  pits 
mostly  lie  in  the  coastal  marshes  area,  and  reference  to  their 
faunal  list  shows  that  89  species  have  been  taken  in  the  marshes 
and  87  in  the  brick  pits  of  North  Somerset,  but  that  18  species 
of  the  marshes  did  not  occur  in  the  brick  pits  and  14  species 
taken  in  the  brick  pits  were  absent  from  the  marshes. 


136 


[November, 


North  Coastal  Marshes. 

Haliplus  wehnckei 
Hydroporus  granularis 
,,  discretus 

Agabus  uliginosus 
,,  didymus 
Gyrinus  marinus 
,,  edwardsii 
Philhydrus  maritimus 
,,  halophilus 

, ,  nigricans 

,,  coarctatus 

Anacaena  limbata 
Limnebius  truncatellus 
, ,  picinus 
Helophorus  viridicollis 
Octhebius  auriculatus 
Cyclonotum  orbiculare 

The  ponds  in  the  sandhills  (20)  are  those  along-  the  coast  just 
north  of  Burnham  and  are  a  form  of  silt  pond. 

Canals  (13  and  14)  and  streams  (17  and  18)  require  no  ex¬ 
planation,  and  the  only  thing  that  need  be  said  about  Blagdon 
Reservoir  (8)  is  that,  although  artificial,  it  is  the  only  lake  in 
the  area  to  which  I  have  had  access,  unless  the  largest  pond  at 
Priddy  can  be  described  as  a  small  lake. 

The  nomenclature  in  the  list  (see  pp.  144-151),  so  far  as  the 
Hydradephaga  are  concerned,  is  that  of  my  ‘  Systematic  Notes 
upon  the  British  Aquatic  Coleoptera  ’  published  in  the  Entom¬ 
ologists’  Monthly  Magazine,  1934-1935-  Otherwise  the  names 
are  those  given  by  Fowler  (1887-1913,  The  Coleoptera  of  the 
British  Islands,  London),  except  in  a  few  cases  where  Fowler’s 
name  is  added  in  brackets. 

An  analysis  of  the  ‘  habitat  ’  lists  shows  that  actually  no 
species  was  found  in  all  the  areas,  and  this  is  undoubtedly  due 
to  the  personal  factor,  as  many  of  the  gaps  would  certainly 
have  been  filled  had  I  known  of  them  and  set  out  in  search  of 
the  species.  But  it  is  an  interesting  point  indicating  that  even 
the  common  species  are  limited  in  their  range  by  environmental 
conditions,  and  I  should  have  to  choose  spots  for  collecting  in 
order  to  produce  the  missing  species. 

Twenty-two  species  in  the  list  are  only  indicated  in  one  of 
the  twenty  columns  : 

H.  lineolatus ,  Canal  (at  Bath). 

H.  impressopunctatus ,  Blagdon  Reservoir. 

O.  septentrionalis ,  R.  Exe  near  Exbridge  (boundary  be¬ 
tween  Somerset  South  and  Devon  North). 


North  Brick  Pits. 
Haliplus  confinis 
Bidessus  geminus 
Deronectes  12 -pustulatus 
Hydroporus  lepidus 

,,  gyllenhalii 

Agabus  chalconatus 
Ilybius  fulginosus 
Philhydrus  minutus 
Enochrus  bicolor 
Laccobius  nigriceps 
,,  minutus 

Hydrochus  angustatus 
Octhebius  margipallens 
,,  viridis 
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H.  lepidus ,  Avalon  Brick  Works. 

,,  longulus ,  Priddy. 

,,  discretus,  Pawlett  (i). 

A.  uliginosus,  Kingston  Seymour  (i). 

I.  fenestratus,  Priddy. 

R.  exsoletus,  Shapwick. 

G.  minutus ,  Priddy. 

,,  urinator ,  R.  Yeo,  Cross. 


Ph .  halophilus ,  Kingston  Seymour. 

P.  nigroaeneus ,  Priddy. 

B.  signaticollis ,  Blagdon  Reservoir. 

H.  quadrisignatus ,  Curry  Rivel. 

H.  angustatus ,  Glastonbury  Pottery  Works. 

O.  mar gip aliens ,  Bridgwater  Brick-pits. 

viridis ,  Bridgwater  Brick-pits. 

,,  auriculatus ,  Kingston  Seymour. 

,,  punctatus ,  Stert  Peninsular. 

H.  nigrita,  Roadwater. 

,,  atricapilla,  Streams,  Somerset  S. 

In  a  few  of  these  cases  the  explanation  is  probably  that  they 
are  characteristic  of  restricted  habitats  which  are  either  rare  or 
have  rarely  been  found  by  me.  Thus  H.  longulus  is  almost  re¬ 
stricted  to  trickling  water,  and  the  only  ideal  spot  of  this  sort  that 
I  found  was  at  Priddy.  H.  atricapilla  is  a  typical  stream  species, 
not  easy  to  find  unless  specially  searched  for  ;  it  may  be  that  I 
missed  it  in  North  Somerset,  or  that  it  is  particular  as  to  the 
type  of  stream  and  the  right  type  was  not  found  by  me  in  the 
north.  There  are  few  records  of  its  occurrence  in  the  British 
Islands,  but  I  have  seen  specimens  from  Elgin,  Fife,  Isle  of  Man 
and  Derry,  and  have  taken  it  in  Dumfries.  I  think  that  it  is 
probably  more  common  than  the  records  indicate.  I  only  found 
a  single  specimen  of  Hydraena  nigrita,  but  in  this  case  also  I 
think  that  the  species  would  have  been  found  more  frequently  if 
specially  searched  for.  Of  three  other  species  in  the  above  list 
only  a  single  specimen  was  taken  :  H.  discretus,  A .  uliginosus, 
and  R.  exsoletus.  The  Hydroporus  occurred  in  September,  1930, 
in  a  pond  at  Pawlett,  and  as  it  is  a  running-water  species  this 
specimen  was  presumably  one  which  had  lost  itself,  although,  as 
it  appears  to  be  absent  from  its  natural  habitat  in  the  county,  it 
must  have  flown  some  considerable  distance.  I  had  a  similar 
experience  in  Norfolk,  where  the  species  did  not  occur  in  1904 
or  1905,  and  is  not  therefore  in  my  list  of  the  Norfolk  Broads 
water-beetles  (1),  but  a  single  specimen  turned  up  in  a  dyke  in 
August,  1906.  As  the  autumn  is  the  time  of  the  appearance  of 
the  new  imagines,  it  is  interesting  to  note  that  both  the  Somer¬ 
set  and  the  Norfolk  specimens  were  taken  at  the  time  when  the 
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species  might  be  expected  to  be  leaving  its  birth-place  in  search 
of  less  crowded  feeding-grounds.  H.  discretus  is  not  in  my 
Cambridge  list  (2),  although  Omer-Cooper  (14)  includes  it  as 
a  Wieken  Fen  species  on  the  authority  of  MS.  lists  from 
Willoughby  Ellis  and  W.  D.  Hincks.*  The  discovery  of  a  single 
smooth  9  of  A.  uliginosus  in  a  grassy  ditch  at  Kingston  Sey¬ 
mour  in  April,  1930,  is  perhaps  to  be  explained  upon  much  the 
same  grounds.  This  species  is  usually  an  inhabitant  of  grassy 
clean-water  ponds  and  drains,  and  in  such  I  have  taken  it  in 
Wilts  North,  Dorset,  Norfolk  East,  Yorks  Mid-West  and 
Kirkcudbright.  In  the  last  four  counties  it  was  common  in  the 
place  or  places  where  it  occurred,  but  in  Wilts,  in  April,  1930, 
I  found  a  single  smooth  9  and  a  single  9  was  taken  in  Wieken 
Fen,  Cambs.,  by  Mrs.  Omer-Cooper  in  1929.  Whether  any 
species  of  water-beetles  do  migrate  in  the  spring  has  yet  to  be 
discovered,  but  in  my  studies  of  the  Norfolk  Broads  I  did  not 
find  anything  to  suggest  it. 

During*  all  the  years  I  collected  in  Somerset  I  took  only  one 
specimen  of  R.  exsoletus,  a  species  I  know  well  and  would  not 
be  likely  to  confuse  with  any  other.  That  was  in  1927  at  Shap- 
wick,  at  a  time  when  1  was  not  aware  of  the  peculiarities  of  its 
distribution.  I  did  not  keep  the  specimen,  and  it  was  not  until 
much  later  that  I  realised  that  it  was  not  an  ordinary  denizen. 
The  species  was  recorded  from  Dorset  by  Ford,  whose  collection 
is  now  out  of  the  country,  so  that  the  identification  cannot  be 
checked.  It  was  also  recorded  for  Cornwall  by  Clark  (13)  and 
for  Hants  South.  Of  all  those  who  have  collected  in  the  latter 
vice-county,  no  one  has  published  a  record  of  this  species,  but 
it  is  in  an  MS.  list  of  the  Coleoptera  of  the  Island  of  Portsea 
and  District  by  Moncreaff,  dated  1840-1880.  Similarly,  so  far 
as  I  can  find,  the  only  record  for  this  species  for  Cornwall  is  in 
Clark’s  list,  with  no  details  as  to  when  or  by  whom  it  was  taken. 
I  have  more  than  once  received  specimens  of  R.  bistriatus  under 
the  name r  exsoletus  /  and  I  am  inclined  to  think  that  these  south¬ 
western  records  may  refer  to  this  species,  which,  like  R.  pulver- 
osus,  is  common  in  the  south-west. 

Hydrochus  cmgustatus  has  occurred  only  once  in  a  pond  at 
the  Glastonbury  Pottery  Works  in  1926,  and  I  believe  that  only 
one  specimen  was  found,  but  I  had  been  so  used  to  finding  this 
species  at  Cambridge  that  only  when  I  began  to  prepare  the 
material  for  this  paper  did  I  find  how  rare  the  species  is  in 
Somerset. 

In  November,  1908,  however,  in  looking  through  the  late 
Kidson  Taylor’s  collection,  which  is  now  in  the  Manchester 
Museum,  I  saw  a  specimen  labelled  ‘  Bristol,  Tomlin,’  which 
possibly  was  taken  in  this  county.  The  distribution  of  this 

I  have  now  seen  one  Wieken  specimen  through  the  kindness  of  Mr. 
Willoughby  Ellis,  and  Mr.  Hincks  informs  me  that  his  record  is  erroneous. 
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species  is  peculiar,  possibly  by  mere  chance  of  collecting.  It  is 
recorded  for  North  and  South  Devon,  Dorset,  Hants  South  and 
the  Isle  of  Wight,  this  area  being  isolated  from  its  further  range 
by  a  belt  of  counties  in  which  it  has  not  been  recorded  :  Sussex 
West,  Hants  North,  Wilts  North  and  South,  Gloucester  East  and 
West,  Monmouth,  Hereford,  etc.,  and  it  may  be  mentioned  here 
that  H.  elongatus,  recorded  in  three  of  the  ‘  habitat  ’  columns, 
is  by  no  means  a  common  insect  in  Somerset,  and,  like  angus- 
iatus,  its  southern  range  is  cut  off  from  its  range  elsewhere  by 
a  belt  of  the  same  counties  mentioned  above,  from  which,  so 
far,  no  record  of  it  has  been  published. 

With  regard  to  other  species  taken  only  in  one  of  the  twenty 
‘  habitats,’  H.  lineolatus  only  occurred  in  the  canal  in  the  neigh¬ 
bourhood  of  Bath,  although  Pearce  and  I  searched  for  it  in  the 
Bridgwater  and  Taunton  Canal  without  success.  It  was  quite 
common  where  we  found  it  near  Claverton,  but  we  took  only  a 
few  specimens  'in  Bath  itself. 

Hygrotus  impressopunctatus ,  a  typical  freshwater-marsh 
species  of  which  a  number  of  specimens  were  found  in  Blagdon 
Reservoir  on  one  occasion  and  only  on  the  north  side.  Although 
this  reservoir  is  less  than  thirty  years  old  and  was  formed  by 
damning  a  stream  in  the  Yeo  valley,  I  expected  to  find  a  few 
typical  lake  species.  Excepting  Laccophilus  hyalinus,  Deronectes 
elegans  and  Limnebius  truncatellus ,  three  species  common  to 
lakes  and  streams  and  almost  certainly  in  the  valley  before  the 
dam  was  built,  all  the  27  other  species  belong  to  the  freshwater- 
marsh  community.  Bersosus  signaticollis  occurred  both  on  the 
south  and  the  north  sides  of  Blagdon,  but  only  once. 

Oreodytes  septentrionalis  has  an  interesting  south-western 
distribution.  It  has  been  taken  in  East  Cornwall,  South  Devon 
and  just  over  the  Dorset  border  at  Charmouth,  and  my  South 
Somerset  record  is  for  the  river  Exe  near  Exbridge,  where  the 
river  forms  the  boundary  between  Somerset  and  North  Devon. 
There  are  no  records  east  of  these  anywhere  south  of  Leicester, 
for  which  county  it  is  recorded  by  Bouskell  in  the  Victoria 
County  History,  on  the  authority  of  Bates,  who,  however,  did 
not  mention  the  species  in  his  Bradgate  Park  list  (6).  H.  lepidus 
occurred  in  1926  in  one  or  more  ponds  in  the  Avalon  Brick¬ 
works,  Glastonbury.  Unfortunately  these  ponds  were  not  visited 
again  after  that,  but  very  similar  places  in  other  clay-pits  did 
not  yield  the  species. 

The  three  Priddy  species  already  mentioned  are  common  in 
the  particular  spots  in  which  they  occur,  but  they  are  definitely 
localised  in  that  area. 

Rcintus  notatus,  although  not  uncommon  at  Shapwick,  was 
not  found  anywhere  else,  and  Barrington’s  only  record  is  also  for 
the  ‘  Turf  Moor.’  This  is  another  of  the  species  which,  although 
found  in  the  south-east  and  in  Scotland  and  Ireland,  is  appar- 
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ently  absent  from  the  extreme  south-west,  as  there  are  no  re¬ 
cords  west  of  Somerset  North  and  Dorset. 

Gillo  (23)  records  taking-  50'  specimens  of  Gyrinus  urinator  at 
Bath,  and  Barrington  described  it  as  ‘fairly  frequent  in  the 
rhines  of  Sedgemoor,’  but  I  only  found  it  in  the  Yeo  near  Cross, 
where  an  odd  specimen  turned  up  occasionally.  The  Gyrinids 
require  to  be  specially  sought  for,  and  it  was  only  occasionally 
that  I  turned  my  attention  to  them,  so  that  I  may  very  well  have 
missed  this  species  in  many  places. 

Orectochilus  villosus  is  one  of  those  species  which  is  seldom 
taken  by  chance,  but  which  is  more  common  than  the  records 
indicate.  It  is  nocturnal,  and  most  of  us  do  not  risk  hunting  for 
water-beetles  at  night.  The  only  locality  in  Somerset  where  I 
have  found  the  species  regularly  is  under  one  of  the  bridges  (the 
only  one  under  which  I  have  collected)  over  the  River  Yeo  near 
Cross,  and  I  expect  that  an  examination  of  such  places  in  vari¬ 
ous  parts  of  the  county  and  country  would  reveal  the  fact  that 
the  records  do  not  do  it  justice.  I  have  never  seen  the  species 
on  the  water  in  the  daytime  except  at  spots  where  I  have  dis¬ 
turbed  its  hiding-places. 

I  have  recorded  P'h.  halophilus  from  Kingston  Seymour, 
where  I  took  a  few  specimens  on  one  occasion  but  where  I  never 
afterwards  was  able  to  find  it.  In  a  previous  paper  (3)  I  have 
discussed  the  question  of  the  relationships  of  halophilus ,  and  I 
still  remain  doubtful  as  to  whether  it  is  a  distinct  species  or  a 
‘  habitat  ’  form  of  fuscipennis .  The  latter  has  not  occurred  any¬ 
where  in  Somersetshire,  which  may  suggest  the  independence 
of  halophilus ,  but  as  only  two  or  three  specimens  of  halophilus 
were  taken  they  might  have  been  the  remnant  of  a  family  of  a 
single  immigrant. 

Helophorus  quadrisignatus  was  taken  in  1915  in  a  pond  al 
Curry  Rivel,  where  several  specimens  occurred.  That  was  not 
only  the  one  occasion  I  found  the  species  in  the  county,  but  it  is 
the  only  occasion  I  have  taken  the  species,  although  I  have  seen 
specimens  from  nine  counties  and  vice-counties  in  the  east  and 
south-east. 

Octhebius  margipallens  and  viridis  are  both  southern  species, 
but  it  is  probable  that  many  collectors  do  not  distinguish  them 
and  that  viridis  is  more  common  than  the  records  indicate.  This 
species  was  first  recorded  as  British  by  Newbery  (31)  upon 
specimens  from  Sussex  East  identified  by  Sainte  Claire  Deville. 
I  then  discovered  that  all  except  one  of  the  specimens  I  had  re¬ 
corded  as  margipallens  in  my  Norfolk  list  (1904)  were  viridis, 
and  I  have  since  taken  the  species  in  Dorset,  Hants  South,  Isle 
of  Wight,  Essex  South,  the  Scilly  Isles,  Cardigan  and  Pem¬ 
broke.  Day  recorded  it  from  Cumberland  (16)  and  from  Angle¬ 
sey  (17),  and  although  Tomlin  (30)  recorded  margipallens  from 
‘  Oxwich,  Glamorgan,  taken  in  1916,’  E.  C.  Bedwell  sent  me 
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specimens  of  viridis  taken  from  the  same  place.  The  Power  Col¬ 
lection  contains  specimens  from  both  East  and  West  Kent. 

The  late  de  la  Garde  sent  me  his  1907-8  list  of  species,  and 
among-  them  was  viridis  from  Devon  North,  and  J.  L.  Hender¬ 
son  sent  me  a  single  specimen  he  took  in  Surrey.  This  com¬ 
pletes  my  list  of  records  for  this  species.  Except  for  the  one 
specimen  of  margipallens  I  took  in  Norfolk,  I  had  only  seen  a 
single  Dorset  specimen,  taken  by  E.  J.  Pearce,  until  I  turned 
up  the  species  in  some  numbers  in  a  brick-pit  at  Bridgwater  in 
1933,  in  a  place  which  had  been  worked  in  1930  and  1932  but  in 
which,  apparently,  the  species  was  not  then  present. 

I  have  little  doubt  but  that  viridis  and  margipallens  are 
distinct  species,  and  the  characters  of  the  metasternum  and  pro- 
notum  given  by  Newbery  ( l.c p.  173)  are  good  and  easily 
recognised.  Donisthorpe  (19)  described  the  metasternal  charac¬ 
ter  as  the  only  difference  between  the  two,  and  it  is  unfortunate 
that,  knowing  so  little  about  them,  he  should  conclude  that 
‘  there  does  not  seem  at  present  to  be  sufficient  reason  to  con¬ 
sider  that  O.  viridis  and  O.  margipallens  are  distinct  species.’ 
In  the  list,  I  have  referred  to  margipallens  ‘  Brit.  Auct.,’  as  the 
species  is  clearly  not  Latreille’s  and  the  name  was  created  by 
Marsham  (1802)  for  an  Hydrophilus  one-sixteenth  of  an  inch 
long,  whereas  this  species  is  only  about  one-twenty-fifth  of  an 
inch  in  length. 

Although  Octhebius  auriculatus  was  taken  on  only  one  occa¬ 
sion,  when  it  was  discovered  by  my  friend  C.  E.  Tottenham,  it 
was  very  abundant  in  the  swampy  sea  turf  which  had  been 
flooded  a  few  hours  previously  by  a  spring  tide,  and  there  can 
be  very  little  doubt  but  that  this  species  is  a  permanent  resident 
in  that  area,  but  is  to  be  taken  only  by  adapting  the  method  of 
collecting  to  the  existing  conditions  at  the  time  of  the  visit. 

O.  punctatus  also,  although  taken  only  at  one  spot,  is  prob¬ 
ably  to  be  found  elsewhere. 

A  few  other  species  in  the  full  list  are  worthy  of  note.  Hydro- 
vatus  clypealis  was  first  found  in  the  Bridgwater  and  Taunton 
Canal  at  Bridgwater  by  E.  J.  Pearce,  in  a  place  I  had  previously 
worked  without  finding  it.  The  species  occurred  only  on  the  one 
occasion  at  that  place,  but,  on  a  later  visit,  he  and  I  went  farther 
up  the  canal,  where  we  again  found  it.  Since  then  it  has  turned 
up  frequently  at  one  or  two  other  places  on  the  same  canal.  On 
the  occasion  when  Barrington  took  the  species  in  a  pond  at 
Chiltern  Trinity  (Lc.,  p.  179)  I  was  with  her,  and  we  had  an  in¬ 
teresting  exhibition  of  the  influence  of  the  personal  element  in 
collecting.  Whereas  she  found  the  insect  in  some  numbers,  I, 
working  over  the  same  ground,  took  only  a  few  specimens.  The 
species  has  since  turned  up  in  a  pond  at  Pawlet  in  North  Somer¬ 
set,  on  another  occasion  when  I  was  accompanied  by  my  friend 
E.  J.  Pearce,  and  I  have  taken  two  specimens  at  different  times 
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in  the  peat-bog  at  Westhay,  a  type  of  habitat  which  is  not  nor¬ 
mal  to  the  species. 

Laccornis  oblongus  is,  in  my  experience,  mostly  found  in  the 
spring,  and  it  seems  to  be  mainly  an  inhabitant  of  peat  moss 
areas  of  both  the  East  Anglian  variety  and  the  black  peat  type. 
In  1915  I  found  it  commonly  in  a  number  of  mossy  pools  on 
Ashcott  moor,  but  in  the  1925-1935  period,  although  it  occurred 
more  or  less  regularly  in  the  Shapwick  and  Westhay  areas,  its 
only  habitats,  it  was  never  abundant. 

Dytiscus  dimidiatus,  recorded  by  Barrington  as  ‘  not  infre¬ 
quent  in  the  levels  ’  at  Glastonbury,  occurred  four  times  (five 
specimens)  in  my  net  in  1915,  but  I  did  not  see  it  again  until 
I93°,  when  four  specimens  turned  up  in  a  dyke  near  Burtle,  and 
in  that  same  year  I  also  found  it  in  one  dyke  in  South  Somerset. 
It  is  interesting  to  notice  that  in  that  year  also,  Blatchford  re¬ 
corded  having  taken  the  species  at  Shapwick.  I  did  not  see  it 
again  until  1934,  when  it  turned  up  in  some  numbers  in  one  or 
two  peat-cuttings  at  Shapwick  in  a  place  which  I  had  worked 
many  times  in  previous  years.  In  this  case,  possibly,  the  catch 
may  have  consisted  of  members  of  a  family  not  yet  dispersed. 
In  1935  1  took  a  pair  in  a  dyke  in  the  Middlezoy  marshes,  but 
the  species  had  disappeared  from  Shapwick. 

Hydrocharis  cciraboides  occurred  commonly  in  several  ditches 
in  the  Shapwick  area  in  1915,  but  it  was  distinctly  less  common 
in  the  1925-1935  period  and  occurred  only  in  ones  and  twos  in  a 
few  ditches  in  the  same  area.  In  1931  C.  E.  Tottenham  turned 
up  two  specimens  in  a  ditch  at  Westhay.  After  that,  one  or  two 
specimens  were  taken  there  at  intervals  until,  in  1935,  several 
specimens  appeared  on  each  of  two  visits.  With  regard  to  the 
generic  name  I  shall  have  more  to  say  in  a  later  paper,  but  now 
I  need  only  mention  that  Hydrous  is  a  synonym  of  Hydrophilus 
and  is  not,  therefore,  available  for  this  genus. 

I  have  not  separated  the  pale  and  dark  specimens  of  Helo- 
chares,  known  respectively  to  British  collectors  at  H.  lividus 
and  H.  punctatus ,  as  so  far  I  have  found  no  character  which,  in 
my  opinion,  justifies  specific  distinction.  I  have  named  the 
species  in  the  list  r  H.  lividus  Brit.  Auct.’  as  I  believe  there  is 
some  doubt  as  to  the  identity  of  our  species,  a  matter  into  which 
I  hope  to  enquire  in  the  near  future. 

In  1933,  when  the  outlines  of  this  paper  had  been  laid  down, 
I  discovered  that  the  Gillo  collection  was  at  the  Museum  of  the 
Bath  Royal  Literary  and  Scientific  Institution,  and  I  therefore 
went  over  to  Bath  with  the  expectation  of  getting  additional 
records  and  of  clearing  up  one  or  two  questions  as  to  the  correct¬ 
ness  of  the  published  records.  I  found  that  Gillo  had  presented 
his  collection  of  insects  to  the  Institution,  I  believe,  in  1914,  and 
that  it  was  now  (1933)  displayed  in  a  series  of  fairly  large  glass- 
topped  cases  round  the  walls  of  one  of  the  rooms  ;  that  there 
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appeared  to  be  no  particulars  as  to  locality  or  date  of  capture  ; 
that  a  few  of  the  cards  bore  a  small  label  with  a  number  on  it, 
but  that  no'  one  there  knew  where  Gillo’s  journal  was  ;  and  that 
the  misnaming-  of  the  specimens  was  the  most  appalling  I  had 
ever  seen.  To  give  a  few  examples  :  six  specimens  of  Deronectes 
elegans  were  labelled  D.  depressus,  a  pardonable  mistake,  but 
immediately  below  them  were  six  other  specimens  labelled  D. 
1 2-pustulatus .  A  Dytiscus  dimidiatus  was  correctly  named,  but 
next  above  it  was  another  specimen  with  wings  spread  and 
labelled  D.  lapponicus.  A  mixed  series  of  Philhydrus  (a  series  T 
did  not  determine)  and  Helochares  were  labelled  Paracymus 
aeneus.  A  Philhydrus  was  labelled  Berosus  signaticollis ,  and  a 
Limnebius  pcipposus  or  nititdus  was  labelled  L.  picinus. 

It  appears  that  the  Institution  recently  moved  into  more  com¬ 
modious  premises  and  that  the  builder’s  men  or  other  equally  in¬ 
experienced  people  moved  the  collections.  Gillo’s  collection  was 
apparently  in  its  original  cabinet  up  to  the  time  of  the  move, 
and,  after  the  move,  some  enthusiasts  ‘  set  out  ’  the  collection  in 
the  boxes. 

In  this  outline  of  the  history  of  what  may  have  been  a  valu¬ 
able  collection,  but  which  is  now  worth  nothing,  I  have  taken 
the  Gillo  collection  as  a  case  in  point,  but  the  Bath  Institution  is 
by  no  means  unique.  Local  Natural  History  Societies  seem  to 
accept  greedily  anything  offered  to  them,  without  remembering 
that  they  are  in  fact  accepting  a  trust  and  without  considering 
how  they  are  going  to  maintain  that  trust.  The  object  of  any 
collector  in  offering  his  collection  to  a  Society  is  that  it  may  be 
of  use  to  the  members,  and  therefore  it  is  the  duty  of  the  Coun¬ 
cil,  first,  to  see  that  what  is  offered  is  worth  having  ;  secondly, 
that  they  can  keep  it  in  such  a  condition  that  it  will  be  useful ; 
and,  thirdly,  to  prevent  interference  by  enthusiastic  members 
who  have  not  the  necessary  knowledge  to  justify  their  being- 
allowed  to  ‘  improve  the  arrangement.’ 

It  would  be  an  excellent  thing  if  the  various  Unions  of  Local 
Societies  would  discuss  this  question  of  local  museums  with  a 
view  to  preventing  some  of  the  waste  of  valuable  amateur  work 
which  is  going  on,  but  it  would  be  even  more  excellent  if  these 
unions  took  an  interest  in  Municipal  Museums,  where  there  are 
at  least  professional  curators  who  might  be  stimulated  to  see 
that  perishable  collections,  once  accepted,  were  not  destroyed. 
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A  PROVISIONAL  LIST  OF  CORNISH  INSECTS. 

PART  III.— DIPTERA  (ACALYPTRATAE) . 

By  the  Rev.  A.  Thornley,  M.A.,  F.L.S.,  F.R.E.S., 

F.R.Met.Soc. 

The  following  list  of  Cornish  Acalyptrates  contains  records 
of  about  356  species  representing-  34  families.  It  is  not  large, 
but  this  is  due  to  the  fact  that  the  whole  list  is  compiled,  from 
the  work  of  but  very  few  individuals,  and  there  are  yet  big  tracts 
of  the  county  where  no  systematic  collecting  has  been  done.  It 
has  been  compiled  from  (1)  A  list  published  by  Mr.  C.  W.  Dale 
in  1891,  Rep.  Trans.  Penzance  Nat.  Hist.  Soc 1890-91:  262-6; 
(2)  A  list  published  by  Col.  J.  W.  Yerbury  in  1919,  Rep.  Devon. 
Ass.  Adv.  Sci.,  51:  222-52  ;  (3)  Dr.  C.  G.  Lamb’s  numerous  re¬ 
cords  from  the  St.  Merryn  District  and  published  in  the  Victoria 
County  History  ;  (4)  A  list  of  the  insects  of  Scilly  Isles  by  F. 
Walker  in  1872,  Entomologist t  6:  3-5;  (5)  An  account  of  the 
British  species  of  Sphaeroceridae  in  1930,  Proc.  Zool.  Soc. 
Lond..,  1930:  18-345  5  and,  finally,  (6)  My  own  records  from 
various  localities  in  the  Penzance  District  with  a  few  from  Bod¬ 
min,  Truro  and  the  Lizard  Districts.  Other  references  occur  in 
the  text.  I  have  no  doubt  when  the  county  has  been  more 
thoroughly  worked  this  list  will  be  much  lengthened. 

One  family,  the  Phoridae,  is  not  included,  as  I  have  but  very 
few  records  and  there  seems  at  present  considerable  uncertainty 
in  the  proper  determination  of  the  species. 

The  following  abbreviations  are  used  for  the  names  of  re¬ 
corders  :  A.T.  =  A.  Thornley;  C.G.L.  =  C.  G.  Lamb;  C.W.D.  = 
C.  W.  Dale:  E.B.B.-E.  B.  Basden  ;  F.C.A.=F.  C.  Adams; 
F.  J.  =  F.  Jenkinson  ;  G.M.S.  =  G.  M.  Spooner  ;  H.W. A.  =  H.  W. 
Andrews;  J.W.Y.  =  J.  W.  Yerbury;  L.P.  ==  L.  Parmenter ; 

M. K.F.T.  =  M.  K.  F.  Thornley;  O.W.R.=0.  W.  Richards; 
S.E.H.  =  S.  E.  Hall;  T.  =  Miss  Talbot ;  T.A.M.=T.  A.  Marshall. 

SCATOPHAGIDAE. 

More  Ilia  armipes  Mg. — St.  Ives  and  Carbis  Bay,  not  uncommon 
(A.T.). 

N.  spinimana  Fin. — Not  uncommon.  Truro  (V.C.H.)  ;  W. 
Cornwall  (C.W.D.)  ;  Padstow  and  St.  Merryn  Dist. 
(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant  (A.T.)  ;  Hayle 
Dist.  (L.P.)  ;  SheviockWood  (J.W.Y.) . 

Cordyftira  cilaata  Mg. — W.  Cornwall  (C.W.D.) . 
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Amayrosoma  fasciatum  Mg-. — Not  uncommon  at  St.  Ives  and 
Carbis  Bay  (A.T.) . 

Geratmostoma  ostiorum  Hal. — Not  uncommon  on  the  shore.  St. 
Ives,  Lelant  and  Phillack  Towans  (A.T.). 

Scatophaga  Intarsa  Fin. — Rather  common  in  all  districts. 

S„  maculipes  Zett. — Often  found  during  the  winter.  St.  Ives, 
Carbis  Bay,  Lelant  (A.T.). 

S.  scybalaria  L. — E.  Cornwall  (T.A.M.)  ;  Liskeard  and  Truro 
(V.C.H.)  ;  Marazion  Marsh,  2  9  $5  8. viii.35  (L.P.). 

S.  stercoraria  L. — Very  common  all  the  year  round.  It  has  been 
taken  with  Hydrellia,  Fannia,  Paregle  aestiva  Mg.  and 
Hydrotaea  dentipes  F.  as  prey.  Scilly  (Walker,  1872,  p.  5). 

S.  suiila  Fab.- — 'Carbis  Bay,  1  cf,  10.xi.32,  and  1  cf  and  2  9  9> 
St.  Erth,  8.viii.27  (A.T.). 

S.  decipietts  Hal. — Helford  River,  Trebah,  1928  (H.W.A.). 

S.  inqyinata  Mg. — Carbis  Bay,  not  uncommon  (A.T.). 

S.  litorea  Fin. — Common  ,on  the  coast  almost  everywhere  (A.T.)  ; 
Scilly,  ‘  the  commonest  Dipteron  met  with  ’  (Yerbury, 
1904,  Ent.  Mon.  Mag.,  40:  155). 

Helomyzidae. 

Allophyia  atricornis  Mg. — Sheviock  Wood,  Sept,  and  Oct.,  1912 
(Yerbury,  1919,  p.  244). 

Eccoptomera  obscura  Mg.  (  =  excisa  Low). — Carbis  Bay,  1  cf , 
28.iii.28  (A.T.) . 

E.  longfseta  Mg. — Padstow  (C.G.L.,  vide  Collin,  1910, 
Ent.  Mon.  Mag.,  46:  126). 

Helomyza  notata  Mg.  (  =  pectoralis  Low).  —  Sheviock  Wood 
(Yerbury,  1919,  p.  244)  ;  Carbis  Bay,  1  cf,  6.vi.3o 
(M.K.F.T.) ,  1  tf,  30.vii.34  (L.P.). 

H.  rufa  Fin.  (  =  affinis  Mg.) . — Carbis  Bay,  several,  1934 (A.T.) . 

H.  similis  Mg. — Looe  (F.C.A.,  in  V.C.H.)  ;  Sheviock  Wood, 
Sept,  and  Oct.,  1912  (Yerbury,  1919,  p.  244). 

H.  ustulata  Mg. — St.  Ives,  1  cf ,  4. iii. 33  (A.T.)  ;  Lelant  Towans, 
1  9,  I3-V-35  (A.T.) . 

H.  variegata  Low. — Rather  common.  Padstow  (C.G.L.)  ;  W. 
Cornwall  (C.W.D.)  ;  St.  Ives,  Carbis  Bay,  Lelant  Towans, 
Helston  (A.T.)  ;  Ludgvan  (T.).  Scilly,  teste  C.G.L. 

H.  bicolor  Zett.  (  — zett  erst  edti  Low). — Sheviock  Wood,  Oct., 
1911,  Sept,  and  Oct.,  1912  (Yerbury,  1919,  p.  244). 

Heteromyza  oculata  Fin.  ( =  atricornis  Mg.). — W.  Cornwall 
(Dale,  i8qi,  p.  265) . 

Thelida  commixta  Collin. — Padstow  (C.G.L.)  ;  St.  Ives  and 
Carbis  Bay  (A.T.). 

Leria  flavicornis  Low). — Lelant  Towans,  a  single  ex.,  25.ix.28 
(A.T.) . 
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L.  modesta  Mg. — Rather  common.  St.  Ives,  Carbis  Bay,  Mara- 
zion  (A.T.) . 

L.  ruficornis  Mg. — Padstow  Dist.  (C.G.L. ). 

L.  serrata  L. — Common  in  the  St.  Ives  and  Carbis  Bay  district 
(A.T.). 

L.  spectabiiis  Low. — Padstow  Dist.  (C.G.L.). 

QEcothea  fenestraJis  Fin. — Carbis  Bay  on  house  windows.  Lelant 
Towans  (A.T.)  ;  Scilly,  teste  C.G.L. 

Tephirochiamys  canesoens  Mg.  ( —  rufiventris  Mg.)  . —  Padstow 
(C.G.L.)  ;  Mt.  Edgcumbe  (Yerbury,  1919,  p.  244)  ;  St. 
Ives  and  Carbis  Bay,  common  (A.T.). 

T.  flavipes  Zett. — Recorded  only  from  St.  Marys,  Scilly,  on 
9.iv.o4  (J.W.Y.).  See  also  1904,  Ent.  Mon.  Mag.,  40: 

1 35-56- 

T.  halterata  Mg. — St.  Merryn  Dist.  (C.G.L.). 

Tetanoceridae. 

Tetanura  padidiventris  Fin. — St.  Merryn  (C.G.L.),  St.  Ives, 
26.X.35  (A.T.) . 

Ditaena  omereiBa  Fin. — father  common.  W.  Cornwall 
(C.W.D.)  ;  Padstow  (C.G.L.)  ;  St.  Ives,  Carbis  Bay, 
Lelant  Towans,  Hayle,  Upton  Towans,  Godrevy,  Marazion, 
Lizard  Dist.,  Kennack  (A.T.). 

D„  grisescens  Mg. — St.  Merryn  Dist.  (C.G.L.). 

D.  schbnhem  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives,  30. 

vi.35,  and  St.  Erth,  29.vii.26  (A.T.). 

Tetanocera  etata  Fab. — W.  Cornwall  (C.W.D.) ,  Altarnun 
(V.C.H.)  ;  Helford  River,  Trebah,  1928  (H.W.A.)  ;  St. 
Ives,  Carbis  Bay  (A.T.). 

T.  femigitiea  Fin. — E.  Cornwall  (T.A.M.)  ;  above  Trebartha, 
Bodmin  Dist.  (V.C.H.)  ;  St.  Merryn  Dist.  (C.G.L.). 

T.  hyalipennis  v.  Roser  ( =  laevifrons  Low). — Padstow  (C.G.L.)  ; 

St.  Ives,  St.  Erth,  Carbis  Bay  (A.T.). 

T.  robusta  Low  (  =  marginella  R.D.). — E.  Cornwall  (T.A.M.)  ; 
above  Trebartha,  Bodmin  (V.C.H.)  ;  Lelant,  a  few,  and 
Lanhydrock,  1  9>  8.ix.30  (A.T.). 

T.  syBvatica  Mg. — Carbis  Bay  and  Dunmere  Wood,  Bodmin 
(A.T.) . 

Trypetoptera  punctulata  Scop. — Padstow  (C.G.L.);  Carbis 
Bay,  Lelant  Towans  and  Chapel  Porth,  St.  Agnes  (A.T.)  ; 
Marazion  Marsh  (L.P.). 

Coremacera  rewgsnata  Fab. — Padstow  Dist.  (C.G.L.)  ;  St. 
Ives,  Carbis  Bay  and  Calenick,  Truro  (A.T.)  ;  Hayle,  1  $  . 
12.viii.35  (L.P.) . 

GtennSPS  pectoralis  Zett. — St.  Merryn  Dist.  (C.G.L.). 
Dichaetopbora  obliterata  Fab. — Padstow  Dist.  (C.G.L.)  ;  Lelant 
Towans,  where  it  is  common  in  some  years  (A.T.) . 
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Dictya  umforamm  L. — W.  Cornwall  (C.W.D.)  ;  the  Goonhilly 
Downs,  i  ex.,  7.ix.32  (A.T.)  ;  Hayle  Towans,  2  exs. , 
13.viii.35  (L.P.). 

Elgiva  albiseta  Scop. — Padstow  Dist.  (C.G.L.)  ;  St.  Ives,  St. 
Erth  (A.T.)  ;  Lelant,  St.  Erth,  Gwrithian,  Hayle  Towans, 
Marazion  (L.P.). 

E.  lineata  Fin. — St.  Erth,  2  exs.,  July,  1926  (A.T. ). 

Hedroneura  cucularia  L. — W.  Cornwall  (C.W.D.)  ;  St.  Merryn 
Dist.  (C.G.L.)  ;  St.  Erth,  1  <3*,  9.vii.28  (A.T.). 

Hydromyia  dorsalis  Fab. — Padstow  Dist.  (C.G.L.)  ;  St.  Ives, 
St.  Erth  and  Mullion  (A.T.)  ;  Lelant  (L.P.). 

Limnia  rufifrons  Fab.  ( =  fumigata  Scop.). — W.  Cornwall 
(C.W.D.)  ;  Padstow  Dist.  (C.G.L.)  ;  St.  Ives,  1  ex.,  7.x. 25 

(A.T-) . 

L.  unguicornis  Scop. — Carbis  Bay  (A.T.)  ;  St.  Erth  (L.P.). 
Neottiophilum  praeustum  Mg. — Probably  the  Dryomyza  praeusta 
of  Dale’s  list  (p.  265)  is  this  species. 

Neuroctena  anilis  Rond. — Padstow  (C.G.L.)  ;  St.  Ives,  Bod¬ 
min,  Carbis  Bay  (A.T.). 

Pherbina  coryleti  Scop. — E.  Cornwall  (T.A.M.)  ;  St.  Merryn 
Dist.  (C.G.L.)  ;  St.  Erth  (A.T.)  ;  Gwithian  and  Marazion 
Marsh  (L.P.). 

P.  punctata  Fab. — St.  Ives  and  St.  Erth  (A.T.). 

Salticella  fasciata  Mg. — W.  Cornwall  (C.W.D.);  Padstow 
Dist.,  Porth  Cothan  to  Harlyn  Bay  (V.C.H.). 

Sciomyza  albocostata  Fin. — St.  Erth,  1  ex.,  14.vi.32  (A.T.). 

S.  dubia  Fin. — Padstow  (C.G.L.)  ;  Tintagel,  3.VU33  (A.T.). 

S.  glabricula  Fln.^ — St.  Erth,  1  ex.,  22.viii.30  (A.T.). 

S.  nana  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Erth,  29.vii.26 
(A.T.) . 

S.  scutellaris  v.  Roser. — St.  Germans,  Sheviock  Road,  Oct., 
1911  (Yerbury,  1919,  p.  246)  ;  Carbis  Bay,  17.vi.31,  1  ex. 
(A.T.). 

S.  ventralis  Fin. — St.  Merryn  Dist.  (C.G.L.). 

Sepedon  sphegeus  Fab. — W.  Cornwall  (C.W.D.). 

S.  spinipes  Scop. — Padstow  (C.G.L.). 

Dryomyzidae. 

Dryomyza  flaveola  F.  —  Common.  W.  Cornwall  (C.W.D.)  ; 
Padstow  Dist.  (C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Boscastle 
(A.T.). 

D.  senilis  Zett. — St.  Ives,  3  c*dL  7-V.28  (A.T.). 

Actora  aestuum  Mg. — Padstow  (C.G.L.)  ;  Carbis  Bay,  Hayle, 
Phillack,  Lelant  (A.T.)  ;  Hayle  (L.P.). 

Clusiidae. 

Clusia  flava  Mg. — Wadebridge,  1  ex.,  13.vii.29  (A.T.). 
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Heteroneura(Clusiodes)  albimana  Mg. — E.  Cornwall (T. A. M.)  ; 
St.  Erth,  1  ex.  var.  pallidior,  11.viii.31  (A.T.) ,  Carbis  Bay, 

1  9  ,  24.vi.32  (A.T.) . 

Paraclusia  tigrina  Fin. — W.  Cornwall  (C.W.D.). 

COELOPIDAE. 

Goelopa  pilipes  Hall — .W.  Cornwall  (C.W.D.)  ;  Padstow  Dist. 
(C.W.D.)  ;  Helford  River,  Trebah,  1928  (H.W.A.)  ; 

Scilly,  Tresco  (Yerbury,  11.iv.04;  see  I9°4>  Ent.  Mon. 
Mag.,  40:  156). 

G.  (Fucomyia)  frigida  Fab.  W.  Cornwall  (C.W.D.)  ;  Padstow 
(C.G.L.)  ;  common  on  the  shore  at  St.  Ives  and  Carbis  Bay 
(A.T. )  ;  Scilly,  ‘common  everywhere  round  the  coast’ 
(Yerbury,  1904,  Ent.  Mon.  Mag.,  40:  156). 

Oedoparea  buccata  Fin. — 'Abundant  under  seaweed  on  the  coast. 
Padstow  (C.G.L.)  ;  Carbis  Bay,  Lelant,  Marazion,  Pen¬ 
zance  (A.T.).  Recorded  as  the  prey  of  Blepharipns  leucos- 
tomus  L.  at  Relubbus  on  26.vii.25  (Hamm  and  Richards, 
1926,  Trans.  Ent.  Soc.  Lond.,  74:  324). 

Orygma  luctuosa  Mg. — Not  uncommon  under  seaweed.  Looe 
and  Padstow  (C.G.L.)  ;  Falmouth  (J.W.Y.)  ;  Carbis  Bay 
and  Lelant  (A.T.)  ;  Scilly,  St.  Marys  and  Tresco,  1904 
(J.W.Y.) ,  who  remarks:  ‘probably  common  everywhere 
round  the  coast’  (1904,  Ent.  Mon.  Mag.,  40-:  156). 
Phycodmma  sciomyzina  Hall. — Padstow  and  St.  Merryn 
(C.G.L.). 

Ephydridae. 

Athyroglossa  ordinata  Beck. —Not  uncommon  on  the  Constan¬ 
tine  Towans  and  taken  also  at  Padstow,  July,  1904  (C.G.L. 
vide  Collin,  1911,  Ent.  Mon.  Mag.,  47:  183). 

Axysta  cesta  Hal.— W.  Cornwall  (C.W.D.). 

Ganace  nasica  Hal. — Porthcothan  Bay,  common  (C.G.L.,  in 
V.C.H.). 

Caenia  curvicauda  Mg. — Scilly  (C.G.L.). 

Discocerina  obscurella  Fin. — St.  Merryn  (C.G.L.)  ;  Carbis  Bay, 

1  ex.,  2UX.31  (A.T.) . 

D.  pulicaria  Hal.- — St.  Erth,  1  ex.,  27.vi.33  (A.T.). 

Discomyza  incurva  Fin. — Padstow  (C.G.L.)  ;  Lelant  Towans, 
1  ex.,  26.viii.32,  and  Gurnard’s  Head,  1  <T ,  31.viii.34 
(A.T\). 

Epbydra  riparia  Fin. — W.  Cornwall  (C.W.D.) . 

Psslopa  compfa  Mg.- — Goonhilly  Downs,  1  ex.,  7.viii.3o  (A.T.). 
P„  leiscostoma  Mg. — Padstow  (C.G.L.). 

P.  nitidula  Fin. — Padstow  (C.G.L.)  ;  Lelant,  24.vi.30  (A.T.). 
Hecamede  aSbioans  Mg. — Harlyn  and  Trevone  (C.G.L.)  ;  Lelant 
and  Marazion  Towans  (A.T.)  ;  Scilly,  1871  (Walker, 
1&72i  P-  5)  • 
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Hyadina  guttata  Fin. — W.  Cornwall  (C.W.D.)  ;  Padstow 
(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant  Towans  (A.T.) . 

HydreEBia  aibiiabris  Mg. — Sheviock,  13. ix.  1912  (Yerbury,  1919, 
P.  249). 

H.  argyrogenis  Beck. — St.  Merryn  Dist.  (C.G.L.) . 

H.  obscura  Mg.  (  =  discolor  Stein). — St.  Germans,  5.ix.i2  (Yer¬ 
bury,  1919,  p.  249). 

H.  griseoBa  Fin. — Common  in  all  districts.  Scilly,  St.  Marys 
(Yerbury,  1904,  Ent.  Mon.  Mag.,  40:  155). 

H.  ranunculi  Fin. — Rather  common.  St.  Ives,  Carbis  Bay, 
Lelant  Towans,  St.  Erth,  Truro,  Idless,  Kennack  (A.T.). 

H.  thoracica  Hall. — An  example  taken  at  St.  Ives,  3.VL30  and 
another  taken  at  Carbis  Bay,  i.vi.31,  seem  to  correspond 
very  well  with  this  species  (A.T.) . 

Ilythea  spsBota  Hall. — W.  Cornwall  (C.W.D.)  ;  Lelant,  1  ex., 
14.ix.31  and  St.  Erth,  1  ex.,  27.vi.33  (A.T.). 

SVSosilSus  subsuEtans  Fab. — 'Locally  common,  especially  during 
the  winter  months.  W.  Cornwall  (C.W.D.)  ;  Padstow 
(C.G.L.)  ;  Carbis  Bay,  common  in  a  sunhut  in  a  garden 
from  Nov.  to  March,  Lelant,  Bodmin  (A.T.).  Scilly, 
teste  C.G.L. 

M otiphiBa  annuSipes  Stenh. — St.  Ives,  24.vii.26  (A.T.). 

N.  cinerea  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  .St.  Ives,  Carbis 
Bay,  St.  Erth,  Goonhilly  Downs,  Truro  (A.T.). 

W.  nigricornis  Stenh. — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives  and 
Mullion  (A.T.) . 

N.  riparia  Mg. — W.  Cornwall  (C.W.D.)  ;  St.  Merryn  Dist. 
(C.G.L.)  ;  St.  Erth  and  Pencalenick  (A.T.) 

N.  uliginosa  Hall. — W.  Cornwall  (C.W.D.). 

Ochthera  mantis  De  G. — Padstow  (C.G.L.)  ;  St.  Ives,  2  exs., 
Sept.,  1929,  and  Goonhilly  Downs,  1  9>  7-viii-30  (A.T.).- 

O.  mantispa  Low. — Porthcothan,  near  Padstow,  1  9>  Sept., 

1904  (C.G.L.,  1904,  Ent.  Mon.  Mag.,  40:  277). 

Parbydra  fossarum  Hall. — St.  Ives,  several  in  1926;  Goonhilly 
Downs,  7-viii.3o  and  7-ix.32  (A.T.). 

P.  aquiSa  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives,  2  exs., 

1926  (A.T.) . 

P.  coarctata  Fin. — Padstow  (C.G.L.)  ;  Port  Wrinkle,  5.ix.i9i2 
(Yerbury,  1919,  p.  250). 

P.  quadripunctata  Mg. — St.  Ives,  Carbis  Bay,  St.  Erth,  Ken¬ 
nack  (A.T.)  ;  Scilly,  St.  Marys,  10.iv.04  (Yerbury,  1904, 
Ent.  Mon.  Mag.,  40:  155). 

Pelina  aenea  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives,  Aug., 
1926  (A.T.) . 

P.  aenescens  Stenh. — Padstow  (C.G.L.). 

P.  nitens  Low.- — -St.  Ives,  1  ex.,  31.vii.26  (A.T.). 

Hydrina  flavipes  Fin. — St.  Merryn  Dist.  (C.G.L.). 

H.  inteirupta  Hal.S-Padstow  (C.G.L.). 
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H.  interstincta  Fin. — St.  Merryn  Dist.  (C.G.L.). 

H.  punctatoneryosa  Fin. — W.  Cornwall  (C.W.D.)  ;  Padstow 
(C.G.L.)  ;  Lelant  Towans,  3  exs.,  1927  and  30  (A.T.). 

H.  stBGtica  Mg. — St.  Merryn. Dist.  (C.G.L.)  ;  Sheviock,  10. ix. 
1912  (Yerbury,  1919,  p.  250)  ;  Lelant,  1  ex.,  1930  and  1  ex., 
1934  (A.T.). 

H.  sexmaculata  Beck. — St.  Erth,  4.VL31  (A.T.) . 

H,  vittipennis  Zett. — St.  Merryn  Dist.  (C.G.L.)  ;  Carbis  Bay, 
1  ex.,  25.viii.31  (A.T.) . 

Scatella  subguttata  Mg.  ( =  aestuans  Hal.) . — Padstow  (C.G.L.) . 

S,  pallidum  Mg.  (  =  sorbillans  Hal.). — Padstow  (C.G.L.)  ;  St. 
Ives  and  Carbis  Bay  (A.T.). 

S,  quadrata  Fin. — W.  Cornwall  (C.W.D.)  ;  Padstow  (C.G.L.)  ; 
Carbis  Bay  and  Lelant  (A.T.) . 

S,  sibilans  Hal.— -Padstow  (C.G.L.)  ;  Lelant  and  St.  Erth 
(A.T.). 

S.  silacea  Low. — Taken  by  O.  W.  Richards  at  various  localities 
in  the  Scilly  Isles  in  1027  (see  Collin,  1930,  Ent.  Mon. 
Mag.,  66  :  135-36) . 

S.  stagnalis  Fin. — Padstow  (C.G.L.)  ;  Port  Wrinkle,  5.1X.1912 
(Yerbury,  1919,  p.  250)  ;  St.  Ives  and  Carbis  Bay,  several 
(A.T.) . 

Soatophlla  cribrata  Stenh. —  Carbis  Bay,  prey  of  Coenosia 
tigrina  F.  ;  Lelant  Towans  (A.T.) . 

S.  noctula  Mg. — W.  Cornwall  (C.W.D.). 

Trimerina  madizans  Fin. — Sheviock,  y.ix.1912  (Yerbury,  1919, 
?.  249) . 

Ortalididae. 

Herina  afflicta  Mg.-— St.  Merryn  Dist.  (C.G.L.)  ;  Lelant  Towans, 
sometimes  common  on  Umbelliferae  in  July,  Kennack 
(Lizard  Dist.),  5.6^33  (A.T.). 

H.  germinationis  Rossi  ( =  nigrina  Mg.).— W.  Cornwall 
(C.W.D.). 

H.  ©scsllans  Mg.— W.  Cornwall  (C.W.D.). 

H.  frondescentiae  L.  —  Padstow  (C.G.L.);  Middle  Lynher 
(V.C.H.)  ;  St.  Ives,  28.vii.26  (A.T.) . 

H.  palustris  Mg.- — St.  Merryn  Dist.,  Padstow  (C.G.L.). 

Platystoma  seiniiiatiouis  L.,— W”.  Cornwall  (C.W.D.). 

Seoplera  vibrans  L. — St.  Merryn  Dist.  (C.G.L.). 

Rivedia  syngenesiae  Fab. — Padstow  (C.G.L.)  ;  Helford  River, 
Trebah  (H.W.A.)  ;  Carbis  Bay,  St.  Erth,  Helston,  Bos- 
castle,  Chapel  Porth  (A.T.) . 

PlOPHILIDAE. 

Piophila  nigrimana  Mg. — St.  Merryn  Dist.  (C.G.L.)*;  Lelant 
Towans  and  Carbis  Bay,  1  ex.,  in  each  locality  (A.T.) . 

P.  varipes  Mg.— St.  Merryn  Dist.  (C.G.L.). 
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P.  vulgaris  Fin. — St.  Merryn  Dist.  (C.G.L.). 

P.  nigriceps  Mg.— Padstow  (C.G.L.)  ;  St.  Ives,  25.V.27  (A.T.). 

P.  luteata  Hall.— St.  Merryn  Dist.  (C.G.L.). 

P.  casei  L.  —  W.  Cornwall  (C.W.D.)  ;  St.  Merryn  Dist. 
(C.G.L.) . 

Chloropidae. 

Anthrocophaga  frontosa  Mg. — St.  Ives,  29.iv.25  (A  T.). 

Oscinis  curvinervis  Latr.  (  =  Camarota  flavitarsis  Mg.). — W. 
Cornwall  (C.W.D.)  ;  Padstow  (C.G.L.). 

Cetema  (Center)  cereris  Fin. — W.  Cornwall  (C.W.D.). 

C0  myopina  Low.^ — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives,  Carbis 
Bay  and  St.  Erth  (A.T.) . 

C.  elongata  Mg.  ( =  nudipes  Low). — St.  Merryn  Dist.  (C.G.L.). 

GBiloropisca  glabra  Mg.— Padstow  (C.G.L.)  ;  Carbis  Bay  (A.T.) . 

C.  notata  Mg.  ( =  circumdata  Mg.). — Common.  St.  Merryn 
Dist.  (C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant,  Truro  Dist. 
(A.T.). 

C.  obscurelia  Zett. — St.  Merryn  Dist.  (C.G.L.)  ;  Lelant  Towans, 
1  ex.,  n.vi.34  (A.T.) 

Chlorops  hypostigma  Mg. — W.  Cornwall  (C.W.D.)  ;  St.  Mer¬ 
ryn  Dist.  (C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant,  St.  Erth, 
Bodmin,  Marazion  (A.T.) . 

C.  taeniopus  Mg.  ( =  pumilionis  Bjerk) . — Common  in  all  dis¬ 
tricts.  Often  recorded  as  injurious  to  wheat  crops  (see 
Seale-Hciyne  Agr.  Coll.  Rpt.,  1930). 

Dieraeus  palBidiventris  Mcq. — St.  Merryn  Dist.  (C.G.L.) . 

DipSotoxa  messoria  Fin. — W.  Cornwall  (C.W.D.)  ;  Padstow 
(C.G.L.)  ;  St.  Ives,  common  ;  Boscastle,  3  exs.,  14.vi.33 
(A.T.) . 

Elachiptera  brevipennis  Mg. — West  Cornwall  (C.W.D.) . 

E.  cornuta  Fin. — Common.  St.  Ives,  St.  Erth,  Carbis  Bay, 
Kennack  (A.T.) . 

E.  megaspis  Low. — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives,  Car¬ 
bis  Bay,  Lelant  Towans,  St.  Erth,  Gurnard’s  Head  (A.T.) . 

Eutropha  fulvifrons  Hal.- — Padstow  (C.G.L.)  ;  Lelant  Towans 
(A.T.)  ;  Scilly,  teste  C.G.L. 

Lipara  rufitarsis  Low  ( =  tomento:sa  Mcq.) . — Galls  in  reeds  at 
edge  of  shore  at  Cawsand  (G.M.S.) . 

Lasiosina  cinctipes  Mg. — St.  Merryn  Dist.  (C.G.L.) . 

iieromyza  pratorum  Mg. — Common.  Padstow  (C.G.L.)  ;  W. 
Cornwall  (Dale)  ;  Hayle,  Lelant,  St.  Hilary,  Idless  (A.T.) . 

EV1 .  salfatnx  L. — West  Cornwall  (C.W.D.)  ;  Padstow  (C.G.L. )  ; 
St.  Ives,  Carbis  Bay,  Lelant,  Marazion,  St.  Hilary,  Tin- 
tagel  (A.T.) . 

M.  vainegata  Mg. — Very  common.  W.  Cornwall  (Dale)  ;  St. 
Merryn  (C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant,  St.  Erth, 
Marazion,  Truro  Dist.,  Bodmin  Dist.,  Kynance  Cove 
(A.T.)  ;  Hayle  and  Helston,  var.  laeta  Mg.  (L.P.). 
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Notonaulax  (Tricimba)  lineella  Fin. — St.  Merryn  Dist.  (C.G.L.) . 

Oscajielia  frit  L. — Recorded  as  attacking  oats  badly  some  years. 

Bodmin  and  Blisland,  common  (V.C.H.)  ;  Lelant  (A.T.). 
O.  cincta  Mg. — Carbis  Bay,  21.viii.31  (A.T.)  ;  Cornwall  (Collin, 
1911,  Ent.  Mon.  Mag.,  41:  151). 

O.  nitidsssircia  Mg. — St.  Ives,  Carbis  Bay,  Lelant  Towans, 
Truro  (A.T. ). 

SiphoneEla  oscsnina  Fin.  ( =  laevigata.  Schin.). — Carbis  Bay, 
often  swarming  on  house  windows,  particularly  during  Sep¬ 
tember ;  Lelant  (A.T.) . 

S.  Bongirostris  Low.^ — -St.  Merryn  Dist.  (C.G.L.) . 

S.  pumilio  Zett.  (=  pumilionis  Bjrk.) .  —  St.  Merryn  Dist. 
(C.G.L.). 

Trypetidae. 

Aoidia  cogsiata  Wied. — Carbis  Bay,  1  9»  20.vii.32  (A.T.) . 

A.  heracle;  L.  —  W.  Cornwall  (C.W.D.)  ;  Padstow  Dist. 

(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant  (A.T.). 

Aciura  rotyndiventris  Fin. — Lidford  Gorge,  6.vii.i892  (T.A.M., 
vide  Verrall,  1894,  Ent.  Mon.  Mag.,  30:  145). 

Garphatrscha  (Ditricha)  guttufaris  Mg.  —  St.  Merryn  Dist. 

(C.G.L.)  ;  St.  Ives,  28.vii.25  (A.T.). 

C.  (Noeeta)  pupillata  Fin. — St.  Ives,  11.viii.26,  and  15.vi.34 
(A.T.). 

Ensina  sonsha  L. — W.  Cornwall  (C.Vv.D.)  ;  Padstow  Dist. 
(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant  Towans,  Gurnard’s 
Head,  Porth  Gwarra,  Kennack  (A.T.)  ;  Scilly,  1871 
(Walker,  1872,  p.  5). 

Oxyna  absinths;  Fin. — W.  Cornwall  (C.W.D.)  ;  St.  Merryn 
Dist.  (C.G.L.)  ;  Lelant  Towans,  1  ex.,  g.vii.29  (A.T.) . 

O.  flavipennis  Low. — Common  ‘  in  a  very  limited  area  in  the 
parish  of  St.  Merryn,’  June  and  July,  1904  and  1911 
(C.G.L.  vide  Collin,  1915,  Ent.  Rec.,  27:  57). 

O.  parietina  L. — Scilly,  1871  (Walker,  1872,  p.  5). 

Oxyphora  corniculata  Zett. — W.  Cornwall  (C.W.D.). 

O.  flava  Low  ( =  miliaria  Schrank). — Padstow  Dist.  (C.G.L.); 

Carbis  Bay  and  Boscastle  (A.T.). 

SphenelBa  marginata  Fin.- — W.  Cornwall  (C.W.D.)  ;  Padstow 
Dist.  (Lamb)  ;  St.  Germans,  Sept.,  1912  (Yerbury,  1919, 
p.  248)  ;  St.  Ives,  Carbis  Bay,  Lelant,  St.  Erth,  Marazion, 
Truro,  Kennack  (A.T.). 

Spilographa  abrotani  Mg.  ( =  comuta  Scop.).— Hatt  (T.A.M. 
vide  Verrall,  1894,  Ent.  Mon.  Mag.,  30:  145);  Carbis  Bay, 
1  ex.,  4.vii.3o  (A.T.). 

S.  zog  Mg. — Padstow  (C.G.L.)  ;  St.  Ives  and  Carbis  Bay 

Tephritis  hardanae  Schrank. — Padstow  Dist.  (C.G.L.)  ;  St. 
Ives  and  Carbis  Bay  (A.T.). 
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T,  hyoscyami  L. — -W.  Cornwall  (C.W.D.). 

T.  vespertina  Low. — Padstow  Dist.  (C.G.  L.)  ;  Carbis  Bay, 
rather  common,  Lelant  Towans,  Truro  (A.T.) . 

Trypeta  colon  Mg. — W.  Cornwall  (C.W.D.). 

T.  cornuta  Fab.  (  =  ceratocera  Hendl.) . — W.  Cornwall 
(C.W.D.)  ;  Padstow  Dist.  (C.G.L.). 

T.  cylindrica  R.-D. — Altarnun  (V.C.H.)  ;  St.  Ives  and  Carbis 
Bay,  a  few  (A.T.).  See  also  Wainwright,  1900,  Entomolo¬ 
gist,  33:  318,  as  T.  onotrophes. 

T.  Oorescentiae  L.  ( =  ruficauda  Fab.) .  —  Padstow  Dist. 

(C.G.L.). 

T„  jaceae  R.-D. — Padstow  Dist.  (C.G.L.) . 

T.  serratulae  L. — Padstow  Dist.  (C.G.L.) . 

T.  tussilaginis  Fab. — E.  Cornwall  (T.A.M.)  ;  St.  Merryn  Dist. 

(C.G.L.). 

Urellia  eluta  Mcq.  ( =  helianthi  Rossi) .  —  Padstow  Dist. 
(C.G.L.)  ;  Lelant  Towans,  1  ex.,  8.viii.28  (A.T.)  ;  Phil- 
lack,  299,  25.vii.34  (L.P.)  . 

U.  stellata  Fiissel. — Padstow  (C.G.L.)  ;  W.  Cornwall 

(C.W.D.)  ;  Lelant  Towans,  1  ex.,  21.viii.35  (A.T.)  ; 

Scilly,  1871  (Walker,  1872,  p.  5) . 

Urophora  cardui  L. — Padstow  Dist.  (C.G.L.) . 

U.  solstitialis  L. — Padstow  Dist.  (C.G.L.)  ;  Carbis  Bay,  22.vii. 
30,  Lelant  Towans,  26.vi.33  (A.T.)  ;  Hayle,  1  9  >  12.viii.25 
(L.P.) . 

U.  stylata  Fab.— Padstow  Dist.  (C.G.L.) . 


Thyreophoridae. 

Centrophlebomyia  furcata  Fab. — ‘  Mount  Edgcumbe  Park,  near 
Maker  Church,  where  some  half-dozen  specimens  were 
taken  on  a  dead  donkey.  These  specimens  have  been  in  the 
British  Museum  Collection  for  many  years  past  ’  (Yerbury, 
1919,  p.244). 


Sapromyzidae. 

Lauxania  aenea  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  Carbis  Bay, 
Upton  Towans,  Hayle  (A.T.) . 

L.  elisae  Mg. — Padstow  and  St.  Merryn  Dist.  (C.G.L.) . 

L.  simillima  Collin. — Cornwall  (Collin,  1933,  Ent.  Mon.  Mag., 

69. :  273); 

Minettia  fasciata  Fin. — Common.  St.  Ives,  Carbis  Bay,  Lelant 
Towans,  St.  Erth,  Helston,  Bodmin  Dist.,  Truro  Dist. 
(A.T.) .  In  most  of  these  districts  also  by  L.P. 

M .  flaviventris  Costa. — St.  Ives,  Carbis  Bay,  Bodmin  (A.T.)  ; 

Lelant  Towans  (A.T.,  and  L.P.) . 
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M.  Eonglpennis  Fab. — -W.  Cornwall  (C.W.D.)  ;  St.  Ives,  Car- 
bis  Bay,  Truro  (A.T.) . 

IV9 .  longiseta  Low. — St.  Merryn  (C.G.L.) . 

M.  plumicorriis  Fin. — Padstow  Dist.  (C.G.L.) . 

Sapromyza  biumbrata  Low. — Penzance,  July  8,  1871  (G.  H. 
Verrall,  1894,  Ent.  Mon .  Mag.,  30:  145)  ;  Carbis  Bay  and 
Truro  Dist.  (A.T.). 

S.  decempunctata  Fin. — W.  Cornwall  (C.W.D.)  ;  Truro,  3  exs., 
(A.T.) . 

S.  dedecor  Low. — St.  Merryn  Dist.  (C.G.L.). 

S.  inusta  Mg.— W.  Cornwall  (C.W.D.)  ;  Carbis  Bay  and  Truro 
Dist.  (A.T.) . 

S.  obsoleta  Fin. — St.  Ives,  Carbis  Bay,  St.  Erth,  Pencalenick, 
Lanhydrock  (A.T. ). 

S.  opaca  Becker. — St.  Merryn  Dist.  (C.G.L.)  ;  near  Hayle,  1 
ex.,  28.vii.34  (L.P.) . 

S.  pallidiventris  Fin.— St.  Erth,  1  9?  22.viii.30  (A.T.) . 

S.  praeusta  Fin. — Common.  W.  Cornwall  (C.W.D.)  ;  St.  Mer¬ 
ryn  Dist.  (C.G.L.)  ;  St.  Ives,  Carbis  Bay,  St.  Erth,  Mara- 
zion,  Truro  Dist.,  Bodmin  (A.T.) . 

S.  quadripunctata  L. — -Padstow  and  St.  Merryn  Dist.  (C.G.L.) . 

S.  rorida  Fin. — Very  common  in  all  districts. 

S.  sexpunctata  Mg. — Carbis  Bay,  St.  Erth,  Porth  Gwarra, 
Lamorna,  Truro  Dist.  (A.T.). 

S,  sordida  Hall.- — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Michael’s, 
Penkevil  and  Helston  (A.T.)  ;  Scilly,  teste  C.G.L. 

Peplomyza  litlira  Mg.  ( =  wiedemanni  Low). — W.  Cornwall 
(C.W.D.)  ;  Padstow  (C.G.L.)  ;  St.  Ives  and  Lanhydrock 
(A.T.)  ;  Carbis  Bay,  30.vii.34  (L.P.) . 


Lonchaeidae. 

Lonchaea  Chorea  Fab. — Common  all  over  the  district  (A.T.) . 
Recorded  as  a  prey  of  Blepharipus  leucostomus  L.  (Hamm 
and  Richards,  1926,  Tram.  Ent .  Soc.  Lond.,  74:  324); 
Scilly,  teste  C.G.L. 

L.  palposa  Zett. — Pencalenick  (Truro),  1  ex.,  5.viii.32  (A.T.). 
Palloptera  arcuata  Fin. — Padstow  (C.G.L.). 

P,  muliebris  Harris. — W.  Cornwall  (C.W.D.)  ;  Padstow 
(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant,  Truro  Dist.  (A.T.) . 
P.  saltuum  L. — -St.  Ives,  Carbis  Bay,  several  (A.T.). 

P.  trimacula  Mg.— W.  Cornwall  (C.W.D.);  Padstow  Dist. 
(C.G.L.)  ;  St.  Ives  (A.T.). 

P.  umbellatarum  Mg. —  W.  Cornwall  (C.W.D.)  ;  St.  Merryn 
Dist.  (C.G.L.)  ;  Carbis  Bay,  2  exs.  (A.T)  . 

P.  usta  Mg.— Padstow  (C.G.L.). 

P.  ustulata  Fin.— W.  Cornwall  (C.W.D.)  ;  Padstow  Dist. 
(C.G.L.)  ;  Carbis  Bay,  a  few  exs.  (A.T.) . 


166 


[November, 


Sepsidae. 

Enecita  annuiipes  Mg. — Padstow  and  St.  Merryn  (C.G.L.)  ; 

Kennack  (Lizard  Dist.),  i  ex.,  5.ix.33  (A.T.). 

Lissa  loxocerina  Fin. — W.  Cornwall  (C.W.D.)  ;  recorded  as 
L.  ichneumonea but  corrected  in  the  V.C.H. 

^emopoda  cylindrica  Fab. — St.  Merryn  Dist.  (C.G.L.)  ;  St. 
Ives,  Carbis  Bay,  Lelant,  St.  Erth,  Bodmin,  Goonhilly 
Downs  (A.T.). 

M,  stercoraria  R-D. — W.  Cornwall  (C.W.D.)  ;  St.  Ives,  Carbis 
Bay,  Lelant,  St.  Erth,  St.  Agnes,  Truro  Dist.  (A.T.). 
Saiteila  scuteflaris  Fin. — Padstow  (C.G.L.)  ;  Carbis  Bay, 
Land’s  End,  Lamorna  Cove  (A.T.)  . 

S.  Bisgripes  R-D. — St.  Merryn  (C.G.L.)  ;  Carbis  Bay,  4.vii.30 

.(A.T.). 

Sepsis  cynipsea  L. — Common  and  generally  distributed  through¬ 
out  the  county.  Recorded  as  a  prey  of  Blepharipus  leucos- 
tomus  L.  at  Relubbus,  26.vii.25  (Hamm  and  Richards,  1926, 
Trans.  Ent.  Soc .,  74:  324)  ;  Scilly,  in  1871  (F.  Walker, 
,i872.  P-  5)- 

S.  rsigripes  Mg.- — Nearly  as  common  as  S.  cynipsea.  W.  Corn¬ 
wall  (C.W.D.)  ;  St.  Ives,  Carbis  Bay,  Lelant  (A.T.).  Re¬ 
corded  from  Relubbus  under  the  same  circumstances  as 
S.  cynipsea. 

S.  orthocnemis  Frey. — St.  Merryn  Dist.  (C.G.L.). 

S.  punctum  Fab. — W.  Cornwall  (C.W.D.)  ;  St.  Merryn  Dist. 
(C.G.L.)  ;  St.  Ives  and  St.  Erth,  several  exs.  (A.T.)  ; 
Scilly,  1871  (F.  Walker,  1872,  p.  5) . 

S.  violacea  Mg. — Carbis  Bay,  Lelant  Towans,  St.  Erth  (A.T.)  ; 

Coombe,  July,  1910  (S.E.H.). 

Themira  minor  Hal.  —  W.  Cornwall  (C.W.D.)  ;  St.  Merryn 
Dist.  (C.G.L.). 

T.  putris  L. — St.  Ives,  a  few  exs.,  1925  (A.T.). 

Borboridae  ( =  Sphaeroceridae)  . 

Copromyza  costaiis  Zett.  ( =  vitripennis  Hal.  =  opacifrons 
Duda) . — Scilly,  recorded  by  O.W.R. 

C.  equina  Fin. — Common.  Scilly  (Richards,  1930,  Proc. 

Zool.  Soc.  Loud.,  1930  (2):  314). 

C.  hirtipes  R-D.  ( =  geniculata  Mcq.). — St.  Merryn  Dist. 
(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant  (A.T.)  ;  Scilly 
(Richards,  ibid.,  p.  315). 

C.  nitida  Mg. — W.  Cornwall  (C.W.D.)  ;  Scilly,  St.  Marys  and 
St.  Martin,  1904,  ‘  Very  common  ’  (Yerbury,  1904,  Ent. 
Mon.  Mag.,  40  :  155-56) . 

C.  similis  Collin. — Quite  common  in  Carbis  Bay  and  Lelant 
(A.T.) .  Scilly  (Richards,  ibid.,  p.  315). 

C„  sordida  Zett. — St.  Merryn  Dist.  (C.G.L.)  ;  Scilly  (Richards, 
ibid.,  p.  313). 
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C.  stercoraria  Mg.  ( =  nigrofemoratus  Mcq.) . — -St.  Merryn  Dist. 
(C.G.L.)  ;  St.  Ives,  1  cf »  14.viii.29  (A.T.). 

C,  vitripesinis  Mg.— St.  Merryn  Dist.  (C.G.L.) . 

Leptocera  bequaerti  Villen. — Scilly,  Tresco  (Yerbury,  see  also 
Richards,  ibid.,  p.  292). 

L.  brachystoma  Stenh.  —  St.  Merryn  Dist.  (C.G.L.)  ;  Carbis 
Bay,  a  few  exs.  taken  amongst  L.  zosterae  on  the  shore 
(A.T.) ;  Scilly  (F.J.  teste  O.W.R.). 

L.  coenosa  Rond. — -Padstow  (C.G.L.). 

L.  coxata  Stenh.— St.  Merryn  Dist.  (C.G.L.)  ;  Carbis  Bay,  1 
ex.,  11.ii.29  (A.T.) . 

L.  crassimana  Hall. — St.  Ives,  2  exs.  (A.T.)  ;  Scilly,  teste 
C.G.L.  (see  also  Richards,  ibid.,  p.  301). 

L.  curvinervis  Stenh. — 1  ex.,  13.V.35,  Carbis  Bay  (A.T.)  ; 
Scilly  (C.G.L.;  Richards,  ibid.,  p.  284). 

L.  fenestralis  Fin. —  Scilly  (teste  C.G.L.) . 

L.  fontfnalis  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives  and 
Carbis  Bay,  common  in  both  places  (A.T.)  . 

L.  fungicola  Hall. — 2  exs.,  in  Feb.,  1929  (A.T.) . 

L.  heteroneura  Hall. — At  present  recorded  only  from  Scilly  by 
F.J.  and  O.W.R.,  who  took  &  pair  in  copula  on  St.  Mary’s, 
21.vii.25  (Richards,  ibid.,  p.  298). 

L.  luteilabris  Rond. — St.  Ives,  1  ex.,  22.iv.29  (A.T.)  ;  Scilly 
(F.J.,  teste  O.W.R.). 

L.  Sutosa  Stenh. — St.  Merryn  Dist.  (C.G.L.). 

L.  miniftissima  Zett.  ( =  retracta  Rond.).  —  Scilly  (Joy;  see 
Richards,  ibid.,  p.  296). 

L.  ochripes  Mg.— Carbis  Bay,  1  ex.,  23.iii.29  (A.T.)  ;  St.  Erth, 
1  ex.,  29.vii.26  (A.T.). 

L.  palmata  Richards. — Scilly  (see  Richards,  ibid.,  p.  301). 

L.  palustris  Collin.- — St.  Ives,  4  exs.  ;  St.  Erth,  1  $  (A.T.)  . 

L,  penteseta  Richards. — One  $  ,  in  the  nest  of  a  cormorant  on 
the  Island  of  Corregan,  Scilly,  July  12,  1927  (Richards, 
1929,  Ent.  Mon.  Mag.,  65  :  175) . 

L.  pseudoleucoptera  Duda. — Scilly  (O.W.R.). 

L.  humida  Hall ( =  pumilio  Verrall) . — St.  Merryn  Dist.  (C.G.L.)  ; 
St.  Erth,  1  9  and  St.  Ives  I  cf  and  3  9  9  (A.T.) . 

L.  scutellaris  Hall. — -St.  Merryn  Dist.  (C.G.L.). 

L.  silvatica  Mg.—' W.  Cornwall  (C.W.D.)  ;  St.  Ives,  Carbis 
Bay,  St.  Erth  (A.T.)  ;  Scilly  ( teste  Richards,  1930,  Proc. 
Zool.  Soc.  Lond. ,  1930(2):  291). 

L.  talparum  Richards. — Scilly  (teste  Richards,  ibid.,  p.  302). 

L.  vitrlpennis  Zett.— St.  Merryn  Dist.  (C.G.L.)  ;  Carbis  Bay, 
1  ex.,  11.iii.29  (A.T.). 

L.  zosterae  Hal.- — Common  on  most  shores  under  seaweed.  W. 
Cornwall  (C.W.D.)  ;  St.  Merryn  Dist.  (C.G.L.)  ;  Carbis 
Bay  and  Lelant  (A.T.)  ;  Scilly,  ‘Abundant,’  cf.  Richards, 
ibid.,  p.  289). 
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Sphaerocera  monilis  Hall. — Carbis  Bay,  i  9,  5.111.28 

(M.K.F.T.) . 

S.  nitida  Duda  (  =  denticulata  Mg.)  .—Only  recorded  as  yet  from 
Scilly  (Richards,  ibid.,  p.  318) . 

S.  pusilla  Fin. — Carbis  Bay  and  Lelant,  several  (A.T.)  ;  Scilly, 
in  sea-birds’  nests  (Richards,  ibid.,  p.  318). 

S.  subsulfans  L. — W.  Cornwall  •  (C.W.D.)  ;  St.  Merryn  Dist. 
(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant,  Land’s  End  (A.T.)  ; 
Scilly  (Richards,  ibid.,  p.  317). 

S.  vaporarforum  Hall. — W.  Cornwall  (C.W.D.)  ;  Scilly 
(Richards,  ibid.,  p.  319). 

Micropezidae. 

Calobata  cibaria  L. — St.  Erth,  1  ex.,  4.vi.3i  (A.T.). 

G.  petrorsella  L. — W.  Cornwall  (C.W.D.). 

SVIicropeza  lateralis  Mg. — W.  Cornwall  (C.W.D.). 

PSILIDAE. 

Chyliza  atriseta  Mg. — Carbis  Bay,  1  ex.  in  1931,  and  2  exs.  in 
*934  (A.T.) . 

C.  scutellata  Fab.— W.  Cornwall  (C.W.D.). 

Loxocera  albiseta  Schrank. — E.  Cornwall  (T.A.M.)  ;  Padstow 
(C.G.L.)  ;  Bodmin  Dist.,  3  exs.,  26.vii.29,  Boscastle,  1  9  > 
14.vi.33  (A.T.)  ;  St.  Erth,  8 . viii. 35  (L.P.). 

L.  ichnemonea  L.  ( =  aristata  Pnz.) . — St.  Merryn  Dist.  (C.G.L.). 
L.  sylvatica  Mg. — E.  Cornwall  (T.A.M.) . 

Pssla  imetaria  L.— W.  Cornwall  (C.W.D.)  ;  Padstow  (C.G.L.)  ; 

St.  Ives,  St.  Erth,  Bodmin  Dist.  (A.T.) . 

P.  pallida  Fin. — W.  Cornwall  (C.W.D.)  ;  Boscastle,  several, 
S-vi-33  (A.T.) . 

P.  rosae  Fab. — Too  common  everywhere  and  frequently  re¬ 
corded  as  a  pest  on  carrots  and  parsnips;  Scilly,  1871 
(Walker,  1872,  p.  5). 

P.  rwfa  Mg. — Boscastle,  several,  8.VL33  (A.T.) . 

P.  gracilis  Mg.  (  =  villosula  Mg.) . — St.  Merryn  Dist.  (C.G.L.). 

Chamaemyiidae  ( =  Octhiphilidae)  . 

Octhipliila  aridella  Fin. — W.  Cornwall  (C.W.D.)  ;  Lelant 
Towans,  several,  9-vii.3o  (A.T.). 

O.  flavipalpis  Hal.  ( =  maritima  Zett.) .  —  Padstow  (C.G.L.)  ; 

Carbis  Bay,  23.vi.30  and  Lelant  Towans,  5. viii. 31  (A.T.) . 
O.  junoomm  Fall. — Padstow  (C.G.L.)  ;  W.  Cornwall  (C.W.D.)  ; 
Lelant  Towans,  common,  and  Kynance  Cove,  1  ex.,  24.vi.32 
(A.T.) . 

O.  polystigma  Mg. — Padstow  (C.G.L.). 

Leucopis  griseola  Fin. — Padstow  (C.G.L.). 


!936-J 


169 


'  Chxromyiidae. 

Aphaniosoma  quadrfgiotatum  Becker. — Found  by  C.G.L.  in 

June,  1912,  on  flowers  of  Matricaria  near  Padstow  (see 
1913,  Ent.  Mon.  Mag.,  49  :  134) . 

Chiromyia  inermis  Collin. — Tehiddy,  in  nest  of  song  thrush, 
16.vi.34,  teste  E.B.B. 

0,  fiava  L. — Padstow  (C.G.L.)  ;  Truro,  1  ex.,  4.vii.3i  (A.T.). 
G.  minima  Becker. — St.  Merryn  Dist.  (C.G.L.) . 

C.  oppidana  Scop.  ( =  lutea  Becker)  . — Padstow  (C.G.L.)  ;  Car- 
bis  Bay,  x  ex.,  on  window,  18.vii.28  (A.T.). 

Opomyzidae. 

Opomyza  germinationis  L. — Rather  common.  W.  Cornwall 
(C.W.D.)  ;  St.  Merryn  Dist.  (C.G.L.)  ;  St.  Ives,  Carbis 
Bay,  St.  Erth,  Truro,  Pencalenick,  Idless  (A.T.)  ;  Solly 
(Walker,  1872,  p.  5) . 

O.  florutti  Fab. — Padstow  (C.G.L.) . 


Geomyzidae. 

Anthomyza  sordidella  Zett. — St.  Merryn  Dist.  (C.G.L.). 

A*  (Stsphrosoma)  sabulosa  Hal. — St.  Merryn  Dist.  (C.G.L.)  ; 
Solly,  St.  Marys,  at  roots  of  grass  (Richards,  1932,  /.  Ent. 
Soc.  S.  Engl.,  1  (1):  14). 

A,  gracilis  Fin. — W.  Cornwall  (C.W.D.)  ;  Padstow  Dist. 
(C.G.L.). 

A.  nitida  Mg.  ( =flavipes  Zett.).- — Padstow  (C.G.L.). 

Balioptera  cornbinata  L. — W.  Cornwall  (C.W.D.)  ;  Padstow 

(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Calenick  (A.T.)  . 

B,  tripMilCtata  Fin. — W.  Cornwall  (C.W.D.)  ;  Padstow 
(C.G.L.)  ;  St.  Ives,  Carbis  Bay,  Lelant  (A.T.) . 

B.  venusta  Mg. — Padstow  Dist.  (C.G.L.) . 

Drosophilidae. 

Camilla  glabra  Fin.— -Padstow  (C.G.L.). 

Diastata  costata  Mg. — St.  Merryn  Dist.  (C.G.L.)  ;  Sheviock, 
10. ix.  19x2  (Yerbury,  1919,  p.  250). 

D.  adusta  Mg.  ( =  unipunctata  Zett.). — St.  Merryn  Dist. 

(C.G.L.)  ;  Solly,  teste  C.G.L.). 

Drosophila  cameraria  Hall.  —  St.  Merryn  Dist.,  and  Solly 
(C.G.L.). 

D.  confusa  Staeg. — Padstow  (C.G.L.). 

D.  fenestrarum  Fin. — W.  Cornwall  (C.W.D.);  Padstow 
(C.G.L.)  ;  Carbis  Bay,  on  house  windows  (A.T.). 

D.  funebris  Fab.— Padstow  (C.G.L.)  ;  St.  Ives  and  Carbis  Bay, 
common  on  windows  nearly  all  the  year  round  (A.T.). 
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D.  melanogaster  Mg. — St.  Merryn  Dist.  (C.G.L.)  ;  Carbis  Bay, 
i  ex.,  on  house  windows,  2.vii.28  (A.T.). 

D.  subobscijra  Collin. — Scilly,  teste  C.G.L. 

D.  transversa  Fin. — W.  Cornwall  (C.W.D.). 

D.  trisfis  Mg. — St.  Merryn  Dist.  and  Scilly  (C.G.L.). 

Scaptomyza  graminum  Fin. — Padstow  (C.G.L.)  ;  St.  Ives  and 
Carbis  Bay,  common  (A.T.)  ;  recorded  as  the  prey  of 
Crossocerus  elongatulus  V.  de  Lind.  (1926,  Trans.  Ent.  Soc. 
Tend.,  74:  327);  Scilly,  Old  Town,  St.  Marys,  20.vii.25, 
1  9  (O.W.R.). 

S.  incana  Mg.  ( =  tetrasticha  Becker). — St.  Merryn  Dist.  and 
Scilly  (C.G.L.). 

Tryptochaeta  tristis  Fin.  (  =  punctum  Mg.). — W.  Cornwall 
(C.W.D.). 


Carnidae. 

Meonura  bicuspidata  Collin. — St.  Merryn  Dist.  (C.G.L.,  vide 
Collin,  1930,  Ent.  Mon.  Mag.,  66:88). 

M.  lamellata  Collin. — jSt.  Merryn  Dist.  (C.G.L.). 

M.  ffavifascies  Collin. — Cornwall  ( teste  Collin,  1930,  Ent.  Mon. 
Mag.,  66:  86). 

M.  obscurella  Fin. — St.  Merryn  Dist.  (C.G.L.,  vide  Collin,  1930, 
Ent.  Mon.  Mag.,  66  :  87)  . 

SVi.  vagaras  Fin. — St.  Merryn  Dist.  (C.G.L.). 


Agromyzidae. 

Agromyza  aeneiventris  Fin. — St.  Merryn  Dist.  (C.G.L.). 

A.  alnibetulae  Hendel. — Carbis  Bay,  1  ex.  (A.T.,  vide  Seguy, 
1934,  Faune  de  France,  28  ;  543) . 

A.  reptans  Fin. — St.  Ives,  Carbis  Bay,  St.  Erth,  Helston  (A.T.) . 
A.  saiicina  Hendel. — Carbis  Bay,  1  ex.,  4.VL30  (A.T.). 
Cerodonta  denticornis  Pnz. — Padstow  (C.G.L.)  ;  St.  Ives,  com¬ 
mon ;  Lelant  Towans  (A.T.). 

Dizygomyza  morosa  Mg.  ( =  laterella  Zett.). — St.  Ives,  1  ex., 
3.VL30;  St.  Erth,  1  ex.,  27.vi.27  (A.T.). 

Liriomyza  flaveoSa  Fin. — St.  Ives,  Carbis  Bay,  St.  Erth  (A.T.). 
One  of  the  Carbis  Bay  examples  was  taken  as  late  as  the 
23rd  November,  1930  (A.T.). 

L.  lutea  Mg. — Carbis  Bay,  18.vii.28  (A.T. ). 

Melanagromyza  p&tiicaria  Mg. — Lelant  Towans,  i.vii.27  and  St. 
Ives,  19.V.26 (A.T.) . 

Domomyza  mobiles  Mg. — St.  Ives,  3-viii.26  and  iG.v.29;  St. 
Erth,  22.viii.30  (A.T.) . 

Napomyza  lateralis  Fin. — W.  Cornwall  (C.W.D.)  ;  St.  Ives, 
Carbis  Bay,  Lelant  (A.T.)  ;  Scilly,  1871  (Walker,  1872, 
P*  5)  • 
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Ophiomyia  maura  Mg.  (  —  curvipalpis  Zett.). — St.  Ives,  8.V.26 
(A.T.) . 

Phytomyza  affanis  Fin. — St.  Merryn  Dist.  (C.W.D.)  ;  Lelant, 
28.V.30  (A.T.) . 

P.  albipennis  Fin. — St.  Merryn  Dist.  (C.G.L.)  ;  Lelant,  16.V.30 
(A.T.) . 

P.  atricornis  Mg. — St.  Ives,  21.vii.27  (A.T.). 

P.  ranunculi  Schrank. — St.  Merryn  Dist.  (C.G.L.)  ;  var. 
albipes  Mg.  at  Carbis  Bay,  25.vi.30  (A.T.)  ;  var.  praecox 
Mg.  ( =  zetterstedti  Schrnk.)  at  St.  Ives,  3.vi.25  (A.T.). 

P.  obscurella  Fin.— W.  Cornwall  (C.W.D.) . 

P.  rufipes  Mg. — St.  Ives,  Carbis  Bay,  Lelant  and  Hayle  Towans 
(A-T.) . 


Asteiidae. 

Asteia  amoena  Mg. — W.  Cornwall  (C.W.D.)  ;  St.  Merryn 
(C.G.L.)  ;  Looe  (F.C.A.)  ;  Carbis  Bay,  22.viii.26  and 
Lamorna  Cove,  22.vii.26  (A.T.). 


Tethinidae. 

Tethina  illota  Hall. — Lelant  Towans,  several  in  July,  1934 
(A.T.) . 

T.  pictipes  Becker. — St.  Merryn  Dist.  (C.G.L.). 

T.  grisea  Fin. — St.  Merryn  Dist.  (C.G.L). 

Rhicnoessa  (Pelomysa)  cinerella  Hall.  —  St.  Merryn  Dist. 
(C.G.L.). 

Milichiidae. 

Madiza  glabra  Fin. — Padstow  Dist.  (C.G.L.)  ;  Scilly  (F.J. 
teste  C.G.L.) . 

Desmetapota  niveipennis  Strobl. — St.  Merryn  Dist.  (C.G.L.). 
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